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FIELD  WORK. 


J)uiin»(  tho  year  190T-H  the  work  and  (list ril)iit ion  of  the  division  fiehl 
])artios  was  as  follows: 

1.  Completion   of   ^eolojj^ie   mapping    in    the   (N)nip(>stela-l)anao   eoal 
field,  Cehu,  Messrs.  Smith  and  (loodman. 

2.  (ieologie  investi oration  in  the  Hatanes  Islands,  Mr.  Ferguson. 

:).  'rrian<^ulation    in    the    Aron^y    mining   district,    Mashate,    Messrs. 
Goodman  and  Ickis. 

4.  'roj)()graj)hie  and  geolo<rie  ma])ping  of  the  Aroroy  distriet,  hegun  hy 
Mr.  Ferguson,  assisted  hy  Mr.  R.  X.  (Mark. 

5.  Fnderground  survey  of  the  old  and  new  Maneayan-Snyoe  eoj)])er 
workings,  Le])anto-l^ontoe,  Mr.  (JcMxlman. 

().  Preliminary   investigation  of  the  gold-hearing  region  of  ('agayan 
de  Misamis,  Mindanao,  Mr.  lekis. 

7.  (leologie  rwonnaissanee  of  Mindanao  and  the  Sulu  (troiip,  hegun 
hy  Mr.  W.  1).  Smith,  assisted  hy  Messrs.  (Goodman  and  lekis. 

8.  Investigation  of  the  placer  gold  fields  of  Nueva  Fcija,  Mr.  (Joodnian. 
The  Mindanao  and  Mashate  work  are  still  in  })rogres8. 
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TIIH  MINERAL  RKSOURCKS  OF  THE  PHILIPPINE  ISLANDS. 


INTRODUCTION. 

The  ])ul)licati(>ii  of  an  animal  stati'mcnt  in  fifrurcs  of  the  mineral  pro- 
duction in  the  Philippine  Islands  is  het^im  with  this  hulletin.  The 
Bureau  has  praetieally  a<lopted  tlu*  plan  so  adniirahly  elahorated  and  so 
sueeessfully  used  hy  the  United  States  (ieolotjjieal  Survey  in  its  statistical 
work.  The  value  of  definite  and  accurate  reports  can  not  he  too  greatly 
eui])hasized.  The  investor  needs  facts  and  not  mere  generalization.  Many 
of  our  mininti^  men  have  realized  this  and  have  resj)()nd(Hl  generously  with 
what  information  they  could.  However,  there  has  heen  some  op])()sition, 
hut  this  was  to  he  ex})ected  in  a  new  country.  There  is  really  no  ^ood, 
sound  reason  for  such  an  attitude.  Puhlicity  will  do  no  harm  to  the 
mining  interests,  hut  it  will  he  a  heneiit.  The  old  custom  of  withholding 
information  from  the  puhlic  is  hecoming  ohsolete.  We  siiu-erely  hoj)e 
that  our  efforts  in  |)ul)lishing  an  annual  statement  of  the  mineral  resources 
of  the  Philij)j)ine  Islands  will  he  appreciated  and  su])ported  hy  the  mining 
men  of  the  Philippines. 

There  are  nuiny  factors  which  affect  any  industry  for  hetter  or  for 
worse.  Sonu'  of  these  we  can  do  very  little  to  change,  some  ohstades  we 
can  partially  remove,  while  others  which  are  devised  hy  man  are  entirely 
within  our  power  to  modify.  Natural  features  of  the  country  are  some- 
times insurmountahle,  the  lahor  (juestion  is  often  a  sericms  one,  hut 
when  we  come  to  luunan  laws  there  is  no  retxscm  why  an  equitahle  and 
proj)er  code  could  not  he  devised.  A  hill  is  now  he  fore  the  ('ongress  of 
the  United  States  which  will  do  much  to  alleviate  the  present  conditions 
and  this  Bureau  will  do  all  in  its  power  to  assist  in  its  passage. 

In  the  interest  of  the  welfare  of  the  mining  industry  of  the  Philip- 
])ines,  the  mining  division  wishes  to  impress  upon  the  minds  of  the 
prospectors  and  mine  owners  the  desirahility  of  conservative  advertising. 
It  would  he  hetter  for  a  new  mining  district  to  wait,  however  impatiently, 
until  its  resources  are  finally  appreciated  than  to  attempt  to  force 
matters  through  statements  that,  howx»ver  honestly  made,  may  he  mislead- 
ing or  false.  Xo  husiness  can  be  fairer  or  cleaner  than  legitimate  mining, 
honestly  conducted.  Particularly  is  this  true  of  gold  mining  where  the 
nuirket  of  the  product  remains  independent  of  any  possilde  trust  combina- 
tion or  comj)etition.  Mining  and  metallurgy  have  become  far  more  exact 
sciences  than  could  ever  be  claimed  for  them  in  the  past,  and  an  estimate 
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of  the  true  value  of  a  mining  property  wliieh  has  been  })ro])erly  o])ened  up 
and  developed  may  l)e  obtained  by  a  eompetent  mining  engineer  with  a 
far  greater  degree  of  aeeuraey  tlian  the  uninitiated  may  suspeet. 

A  very  common  eause  of  faihire  of  a  mine  is  the  premature  i)urchase 
and  installation  of  mining  maehinery.  Not  only  may  the  machinery  pur- 
chased be  ill  adapted  to  treat  the  bulk  of  the  ore  to  be  extracted  from 
the  mine  in  the  future,  but  the  mill  site  chosen  before  the  plans  of 
development  are  finally  decided  ui)on  may  freipiently  be  so  badly  located 
as  not  to  permit  of  economy  in  the  transportation  of  the  ore  between 
the  mine  and  the  ?nill;  worst  of  all,  a  more  or  less  complete  plant  may 
be  installed  with  no  ore  to  work.  In  nearly  all  cases  this  can  be  attrib- 
uted to  short-sightedness  (m  the  part  of  the  managers  and  owners  who, 
desirous  of  making  a  good  showing  to  facilitate  the  selling  of  stock  in 
the  mine,  have  invested  their  limited  capital  in  machinery  rather  than 
in  prospecting  and  development.  1'he  result  usually  is  more  or  less 
sto(;k  sold,  a  small  amount  of  the  ore  either  on  the  dump  or  from  near 
the  surface  worked  out,  and  then  all  the  machinery  stopped.  Another 
failure  is  then  recorded  and  the  brunt  of  it  to  a  large  extent  falls  upon  the 
other  mines  and  prospects  in  the  district.  The  chief  asset  of  any  mine 
is  the  ore  reserve. 

Mine  inspection  shoukl  l)e  mentioned  at  this  time  as  a  question  for 
future  serious  consideration.  U])  to  the  present  there  luus  been  no 
need  of  this,  but  the  time  is  almost  ri])e  for  some  legislation.  A  reason 
for  delay  in  putting  the  measures  into  immediate  execution  is  that  they 
would  involve  the  taking  of  the  ])rofessional  men  of  the  division  of 
mines  from  more  urgent  work.  The  subject  is  mentioned  here  simply 
to  guide  public  thought  in  this  direction. 

In  conclusion  it  might  be  stated  that  the  history  of  the  district  of 
Benguet  demonstrates  that  a  sure,  profitable  and  steady  mining  industry 
can  be  built  u])  in  the  Islands. 


THE  NONMETALLIC  MINERALS. 


Hv  Warrkn  1).  Smith. 


In  many  countries,  whoro  accurati'  statistics  liavo  Ikhmi  kept,  the 
monetary  value  of  tlie  nonmetallic  minerals  exciHMls  that  of  the  metallic 
products.  For  the  year  11)0(1  the  total  value  of  the  nonmetallic  prcxlucts 
in  the  TnitiMl  States  amounted  to  $l,()l(;,'^(Hi,7(M)  as  apiinst  $8H(;,no,Hr)(; 
for  the  metallic. 

FUELS. 

Coal. — Coal  has  htHiU  found  in  nearly  every  island  of  this  Archipelago; 
in  many  ])laces  associated  with  petroUnnn.  The  coal  is  pretty  much 
alike  throughout  the  Phili|)pines,  it  is  suh-hituminous,  having  the  ap- 
peanuue  and  s[)ecific  gravity  of  lignite,  hut  it  lias  the  carhon  content 
and  streak  of  a  hituminous  coal.  When  mincMl  from  IhmIs  near  the  surface 
and  from  those  which  have  been  little  disturhed  since  tlieir  deposition, 
the  coal  is  apt  to  he  very  inferior,  having  only  ahout  50  ])er  ciMit  of  the 
efficiency  of  Australian  coal,  hut  in  regions  like  the  Compostela  and 
Danao  fields,  or  the  western  end  of  l^:itan  Island,  it  is  of  a  deci(l(Mlly 
better  grade.  This  superiority  is  due  not  so  much  to  compression  in 
folding,  or  to  volcanic  heat,  as  it  is  to  the  fracturing  of  the  coal,  so  that 
a  process  of  dry  distillation  takes  })lace  and  a  greater  (piantity  of  fixed 
carbon  is  segregated.  The  promising  coal  fields  at  the  ])resent  time  are 
as  follows:  Cebu,  in  the  region  behind  the  towns  of  Compostela  and 
Danao;  the  Island  of  Polillo,  which  is  on  the  east  coast  of  Luzon  about 
opposite  Manila;  the  southern  portion  of  the  Island  of  Mindoro  in  the 
vicinity  of  Bulalacao;  on  a  small  island  just  to  the  south  of  Bulalacao; 
Hatan  Island,  about  12  miles  northeast  of  Legaspi,  in  Albay  Province;  the 
northern  ])ortion  of  Dinagat  Island,  just  north  of  Surigao,  Mindanao; 
and  near  Escalante  in  the  northeast  cornei*  of  the  Island  of  Negros. 

While  these  coals  have  stood  some  very  good  tests  in  stationary  and 
marine  engines,  still  they  are  far  from  satisfactory  for  all  requirements, 
and,  following  the  lead  of  the  United  States  (Geological  Survey  at  St. 
Louis,  J)r.  Cox,  of  the  division  of  chemistry,  ha«  experimented  with 
them  with  the  view  of  establishing  the  feasibility  of  utilizing  the  gases 
in  gas-producer  engines.  'Theoretically,  his  conclusions  appear  to  be 
correct,  that  is,  it  is  feasible  to  utilize  them  in  this  way;  but  the  next 
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step  is  a  mechanical  one  and  it  is  here  tliat  the  most  trouhle  lias  i)een 
(;x[)erience(l  in  emj)loying  j)j'()thicer  coal-gas  both  in  the  United  States 
and  otiier  (^mntries.  However,  we  feel  sure  tliat  in  time  the  problem 
will  be  solved  so  that  it  will  be  a  practicable  undertaking.  T  should 
state  here  that  Mr.  (iilkerson,  mechanical  engineer  at  the  Bureau  of 
Sci(^nce,  and  Dr.  (.'ox  are  designing  and  arranging  for  tlie  erection  of 
apparatus  on  a  large  enough  scale  to  nuike  a  c()m))lete  and  j)ractical 
commercial  test  of  this  process. 

It  is  not  a  ((uestion  with  us  of  the  ([uantity  of  coal  so  much  as  it  is 
one  of  ability  to  mine  it  without  a  loss,  in  one  sense  the  geologies  of  the 
i'hilippines  and  Japan  are  very  similar;  that  is,  in  structure  both  regions 
are  profoundly  folded  and  faulted,  which  condition  of  course  increases 
the  difficulties  of  mining.  During  my  last  visit  in  (Jehu  I  traversed  one 
small  criHik  in  which  1  pa.ssed  in  succession  across  four  coal  beds — No. 
1  was  T)  feet  thick;  No.  2  about  10  feet;  No.  ;i  approxinuitely  13  feet, 
and  No.  4,  2  feet.  These  beds  appeared  to  be  fairly  continuous  and  I 
nuiy  state  that  a  bed  of  (^oal  (J  feet  thick  is  considered  by  numy  engineers 
as  good  as  one  of  40  feet,  because  it  is  easier  to  mine. 

Natural  //r/.s.— In  Hizal  Province  and  on  the  Island  of  Marinducjue 
some  suuill  auiounts  of  natural  gas  have  been  found  to  issue  fnmi  the 
ground,  but  further  than  this  we  have  no  record  of  these  occurrences 
and  HO  far  as  I  know  they  have  elicitinl  but  scant  notice. 

PHroleinu. — 'J'he  subject  of  })etroleum  i  treated  more  at  length  in 
special  reports  which  were  published  in  the  P'ar  Eastern  Review. 
SufMcte  it  to  say  here  that  petroleum  occurs  on  the  east  coast  of  Tayabas 
Province  where  prospecting  is  now  going  on.  On  the  west  coast  of  the 
island  of  ('ebu,  near  Toledo  and  also  near  Alegria,  ]>etroleum  has  been 
found. 

One  very  sericms  ])oint  needs  to  be  considered  with  great  care  before 
any  company  should  venture  into  the  ])etroleum  industry  in  these  Islands, 
namely,  the  one  involving  the  structural  features  of  the  oil-bearing 
regions.  Are  the  oil-bearing  formations  sufficiently  extensive  and  thick, 
or  continuous,  to  insure  a  steady  and  adequate  supply  so  as  to  warrant 
any  considerable  outlay?  I  am  inclined  to  think  that,  so  far  as  I  know 
the  Cebu  field,  these  conditions  are  not  as  favorable  a.s  they  might  be. 
Without  a  very  considerable  oil  supply  a  local  company  might  find  serious 
difficulty  in  producing  any  effect  on  a  market  already  controlled.  How^- 
ever,  this  is  a  ])urely  business  feature  which  it  is  not  within  my  province 
to  discuss.     J  merely  make  these  statements  as  suggestions. 

MATERIALS    OF    CONSTUUCTIOX. 

Cement. — I  am  frequently  asked  if  there  is  any  great  amount  of  nat- 
ural cement  rock  in  these  Islands.  We  have  not  yet  found  such  mate- 
rials nor  would  it  make  any  serious  difference  if  we  were  not  to,  for  the 
simple  reason  that  it  is  possible  to  take  the  raw  products,  limestone 
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and  clay  or  shale,  and  to  make  a  far  ht'tUT  })r(Hhu*t  than  nature.  Some- 
times  nature  sueeeeds  in  nuikintr  a  very  good  eenient,  hut  this  is  (mly  an 
accident  and  a  very  uneoininon  (xvurrenee.  We  have  in  several  places 
all  the  material  for  our  purpose.  We  have  literally  hundriHls  of  s(|uare 
miles  of  a  very  excellent  limestcme,  and  shale  and  clay  heds  are  hy  no 
means  unccmimon. 

One  of  tin*  hest  ])laces  for  a  cement  ])lant  would  seem  to  he  at  Danao, 
(V'hu.  Coal,  limestone,  clay,  shale  and  transportation  aie  all  at  hand, 
(iood  materials  and  facilities  are  also  availahle  at  Cotahato,  Moro  l*rov- 
ince,  so  that  whenever  this  district  shall  hecome  thorou*i:hly  (piieted  and 
more  settled  with  Euro})eans  or  Americans,  something  nuiy  1h»  done. 

At  Binangonan,  on  Ijaguna  do  i^ay ;  near  Lucena,  Tayahas  Province, 
and  on  Hond)lon  Island  all  the  ingredients  necessary  for  cement  are  to 
he  found.  One  feature  most  favorahle  to  our  cement  industry  is  that 
the  limestones  in  the  Philippines  are  remarkahly  h)w  in  magnesia,  a  very 
ohjecticmahle  ingredient  when  present  in  greater  (juantity  than  2  or  3  per 
cent.  In  the  I'nited  States,  where  j)ractically  all  the  limestones  are  rich 
in  magnesia,  this  is  hecominjj^  a  trouhlesome  feature. 

Linic, — The  two  important  sources  of  the  Manila  supply  of  lime  are: 
{(i)  Limestone  (juarries  near  Binangonan,  and  (/>)  oyster  and  other 
marine  shells  near  Malahon. 

(d)  The  annual  output  of  the  Binangonan  quarries  is  ahout  (}(H)  tons, 
nearly  all  of  which  is  shi])j)ed  to  Manila  in  a  water-slaked  con<lition  and 
is  used  mostly  for  making  mortar.  As  a  rule  hut  a  small  supply  of  hurnt 
lime  is  kei)t  on  hand,  the  linu*  heing  hurnt  when  onhTcd,  then  slaked 
and  shipped  to  Manila  either  in  sacks  or  harrels.  \'ery  little  is  shipped 
to  Manila  unslaked. 

The  product  of  the  Binangonan  kilns  is  a  very  fat  lime,  which  swells 
to  ahout  three  times  its  original  volume  in  slaking.  In  this  «)ndition 
it  sells  at  Binangonan  for  1*^0. 45  per  cavan  '  (ahout  SO  ])ounds)  and  costs 
to  transj)()rt  to  Manila  an  additional  ^P'O.!.'),  nuiking  the  total  cost  at 
Manila  alK)ut  ^i).(M)  per  cavan.  Freshly  hurnt  (piicklime  can  he  ohtained 
at  Binangonan  for  ahout  ^1.35  per  cavan,  or  three  times  the  cost  of  the 
slaked  lime,  and  in  Manila  for  ahout  IPl.oO  per  cavan. 

The  total  cost  of  manufacturing  the  slaked  lime  at  tlie  kiln  is  ahout 
^0.22  per  cavan.  Transportation  to  Binangonan  per  carahao  costs  an 
additional  ^0.06,  making  the  total  cost  of  production  at  Binangonan 
ahout  W).28  per  cavan.  Assuming  the  quicklime  to  triple  in  volume  in 
slaking,  and  the  cost  of  transportation  to  remain  the  same  per  volume 
for  quick  as  for  slaked  lime,  the  cost  of  producing  a  cavan  of  quicklime 
in  Manila  would  be  about  =P=0.87  per  cavan  or  about  l*=x?.5()  per  barrel  of 
230  pounds.  This  gives  a  profit  of  alx)ut  ^0.60  per  cavan  of  quicklime 
at  the  present  market  rate.     Padre  Keyes  finds  no  difficulty  in  obtaining 

^  0.075  cubic  metiTs  or  2.05  cubic  feet. 
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as  many  laborers  as  he  recfuireH,  nor  contemplates  any  ditfieulty  in  this 
respect  even  though  the  demand  shouhl  he  largely  increased. 

(b)  Ab(mt  OOO  tons  of  slaked  lime  are  annually  burnt  at  Malabon. 
This  lime  is  poorer  in  quality  and  brings  a  lower  price  in  Manila  than 
the  Binangcman  lime.  It  is  made  of  marine  shells  gathered  in  the  neigh- 
borhood of  Malalxm.  The  estimated  (ost  of  production  of  the  slaked  lime 
is  alK)ut  ^^0.2^)  per  cavan  and  the  cost  of  transportation  to  Manila  is 
f^().05,  making  the  total  cost  at  Manila  about  f^0.3()  per  cavan.  Its  selling 
price  here  is  about  1*'().'^8  per  cavan. 

Like  the  Binangonan  lime  the  major  portion  of  the  ])r(Hluct  is  used  in 
making  mortar.  However,  part  of  it  is  also  employed  for  whitewashing, 
and  a  snuill  anumnt,  esj)wially  ])repared  for  the  purpose,  is  used  in  nuik- 
ing  the  lime  paste  which  is  chewed  with  the  betel  nut. 

Lime  is  burned  at  Malolos  in  Bulacan  Province  and  sells  there  at 
^0.50  to  1P'().55  per  cavan,  and  farther  north,  at  (luagua  and  at  Sex  moan 
in  the  Province  of  Pampanga,  practically  the  same  (juality  of  lime  is 
manufactured,  but  it  brings  there  t^O.SO  per  cavan. 

I  see  no  reason  why  much  more  lime  than  is  now  produced  could  not  be 
made  in  (\'bu  and  the  other  Visayas.  (-ertainly  it  should  not  be  neces- 
sary to  import  this  nuiterial,  as  is  now  the  case. 

JUJlLDINd    AND    MONUMENTAL    STONK. 

The  stone  used  in  Manila  may  be  roughly  divided  into  two  classes: 
(a)  Marble  and  small  (]uantities  of  other  stone  used  for  monuments  and 
inside  decorations,  and  (h)  building  stone. 

(a)  Tliere  are  several  firms  in  Manila  using  marble  for  tombstones, 
memorial  tablets,  etc.  Nearly  all  of  this  stone  comes  from  Belgium  and 
Italy;  the  dark  colored  and  dense  black  varieties  coming  from  Belgium, 
and  the  soft  white  varieties  from  Italy.  The  marble  is  usually  shipped 
in  thin  slabs,  from  ^  to  4  inches  in  thickness,  but  some  of  it  comes  in 
large  blocks.  The  thin  slabs  vary  in  size  from  ;^  fwt  square  to  4  by  8 
feet,  and  are  often  broken  or  cracked  in  transmission  so  as  to  be  almost 
worthless  by  the  time  they  arrive  in  Manila.  On  the  other  hand,  it  is  a 
costly  and  tedious  undertaking  to  saw  thin  slabs  from  massive  blocks 
because  of  the  unsatisfactory  labor  for  the  work  and  the  crude  methods 
for  sawing  in  vogue  here.  Some  marble  has  been  brought  from  the 
eastern  part  of  the  United  States,  coming  by  way  of  San  Francisco  and 
the  Pacific.  The  freight  by  this  route  is  very  high,  and  as  the  varieties 
impoi-ted  were  mostly  hard  Tennessee  nuirbles,  the  dealers  have  not 
taken  kindly  to  the  American  article.  Soft  varieties  of  stone  which  can 
be  easily  worked  are  preferred.  If  hard  marble  is  used  it  should  be  very 
tough  and  difficult  to  break.  If  samples  of  marbles  from  the  United 
Sta4;es  could  be  accessible  to  the  merchants  of  Manila,  they  could  order 
soft  varieties.  Better  freight  rates  might  be  obtained  by  way  of  the 
Suez  Canal. 
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Practically  tlie  only  luarhlc  of  home  production  comes  froni  the  Is- 
huul  of  Homhlon  and  it  is  not  well  adapttnl  for  the  liner  tirades  of  work. 

A  considerahle  (juantity  of  very  white  crystidline  marhle  has  lM»en  found 
in  northern  Mindoro,  hut  htnause  of  the  ditficulty  of  transportation  and 
the  high  cost  of  the  latter  no  steps  Inive  heen  taken  to  quarry  it. 

Dealers  are  rather  reticent  concerning  the  cost  of  marhle  in  Manila. 
It  varies  greatly  with  the  (piality  of  stone,  the  Hoft  white  varieties  heing 
the  cheapest,  and  the  dense  hiack  om^s  the  most  expensive.  In  slahs 
from  'I  to  1  inch  thick  it  costs,  as  stated  hy  the  dealers,  from  =P;i  to  as 
high  as  f^'^0  per  scpiare  meter.  The  ordinary  grayish  white  variety  is 
hought  hy  the  small  dealers  from  the  importers  at  from  1*"^  to  ^\i)  per 
scpiare  meter. 

The  value  of  the  marhle  in  the  finished  state  depends  entirely  upon  the 
anumnt  of  lahor  expended  upon  it.  The  cost  of  lahor  will  he  found  in 
another  place,  and  the  value  of  a  given  ])iei'e  of  finished  nnirhle  may  ho 
approximated,  hut  it  is  not  possihle  to  give  general  figures. 

The  cpuility  of  Belgian  and  Italian  marhle  is  well  known  and  nothing 
further  netnl  he  said  of  marhle  from  the  Tnited  States.  The  (pudity  of 
marhle  from  Homhlon  leaves  much  to  he  desired,  its  composition  is 
not  uniform,  it  hreaks  easily,  tuul  is  too  hard  to  suit  most  of  the  workmen. 
Its  gray  color  is  not  attractive,  and  the  dealers  say  it  costs  more  than 
the  imported  st(me.  While  not  adapted  for  fine  work  it  might  prove 
vaiuahle  for  huilding  stone  if  it  could  Ik»  cpiarried,  hrought  to  Manila  and 
sold  at  a  reasonahle  price.  I  should  strongly  recommend  further  invi»s- 
tigation  of  the  Kond)l<m  stone. 

(iranites,  syenitt^s  and  like  stones  are  out  of  favor  hecause  of  their 
hardness,  and  so  far  as  I  can  learn  are  not  heing  used  for  monuments, 
tomhstone,  or  like  purposes.  Some  of  the  igneous  rocks  of  these  Islands 
are  undouhtedly  hetter  than  marhle  for  outside  work,  as  marhle  disinte- 
grates more  rapidly  when  exposed  to  the  weather. 

{b)  At  present  there  is  not  a  good  (piality  of  huilding  stone  on  the 
market  in  Manila.  In  former  years  considerahle  cpiantities  of  Hong- 
kong granite,  a  very  fine  stone,  were  employed  in  Manila,  hut  its  use 
in  recent  years  seems  to  have  fallen  off. 

Volcanic  tuff,  which  is  found  at  the  surface  of  the  ground  around 
Manila,  is  for  sale  in  hlocks  7  to  8  inches  srpiare,  and  ahout  20  inches 
long,  hut  it  is  hardly  deserving  the  name  of  stone.  It  is  very  soft,  has 
small  crushing  strength,  rapidly  goes  to  pieces  when  exposed  to  the 
weather,  and  it  is  rather  unsightlv.  Its  only  good  cpialities  are  cheapness 
and  the  ease  with  which  it  can  he  ohtained. 

Workmen  go  to  where  the  tuff  is  exposed,  chop  out  hlocks  with  holos 
or  picks,  load  them  on  a  hanca  and  hring  them  into  Manila.  Dealers  sell 
the  hlocks  for  ^9  to  ^12  per  hundred.^ 

The  Atlantic,  (tulf  and  Pacific  Company  has  hlasted  out  great  quan- 
tities of  rough  rock  at  Mariveles  for  li^e  ahout  the  harhor  works  in  Manila 
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Bay,  principally  in  the  breakwater.  The  rwk  is  an  acid  eruptive,  horn- 
blende andesite. 

I  believe  there  are  no  other  private  ntone  (juarries  near  Manila  pro- 
ducing stone  at  the  present  time.  There  certainly  are  none  of  importance. 
1  have  been  informed  that  there  is  a  good  building  stone  not  far  from 
Manila.  It  is  owned  by  private  individuals,  and  no  development  work 
is  being  done.  The  Komblon  (pjarries  might  prove,  on  further  work, 
to  be  a  very  valuable  property  for  some  comi)any. 

Transportation  is  practically  all  by  water.  The  soft  stone  blocks 
.from  the  vicinity  of  Manila  are  brought  to  the  city  in  bancas,  although 
it  is  done  in  such  an  irregular  way  that  actual  cost  of  transportati(m  is 
not  available.  The  cost  of  transportation  of  marble  from  Italy  and  Bel- 
gium was  not  to  be  obtained  from  dealers,  but  it  was  stated  to  be  mucli 
less  than  the  freight  ratios  from  the  United  States  by  the  Pacific  route. 

Filipino  labor  is  used  exclusively.  For  the  rough  work  it  does  very 
well,  but  when  great  skill  is  required  it  is  not  satisfactory.  Proprie- 
tors of  etsablislnnents  say  that  the  native  workmen  are  very  easily  of- 
fended and  resent  attempts  to  teach  them.  They  do  not  seem  anxious 
to  leani.  On  the  other  hand  for  such  work  as  wan  recjuired  at  Mariveles 
the  Filipino  workmen  were  very  satisfactory  and  were  usckI  to  the  exclu- 
sion of  all  other  ])eople. 

In  the  marble  works  the  men  are  paid  1^0.50  to  t*='^.r)()  per  day,  with 
1*'1.50  as  an  average.     At  Mariveles  they  receive  about  t^'l.oO  per  day. 

AlUlASiVKS. 

In  the  southern  islands  there  is  a  considerable  development  of  sand- 
stone which  would  work  up  well  into  grindstcmes.  On  the  Muao  River, 
(\»bu,  I  recently  found  a  deposit  which  appears  to  be  very  similar  to  the 
novaculite  of  Arkansas  in  the  Pnited  States,  the  material  from  which  our 
finest  whetstones  are  made. 

CII  KM  ICA  I.    MATKKIAJ.S. 

Gypsum. — (iypsum  has  been  reported  from  several  localities,  but  as 
yet  we  have  no  figures  as  to  the  extent  of  the  deposits.  One  locality  in 
the  Loboo  Mountains,  east  of  the  town  of  Batangas,  appears  to  be  quite 
promising.  (Ty})8um  would  be  used  not  only  in  cement  manufacture,  but 
also  in  the  making  of  plaster  of  Paris.  T  should  say,  however,  that  the 
purest  Rhine  cements  do  not  use  gypsum  and  it  is  to  be  regarded  as  an 
adulterant. 

Phosphate. — Phosphate  occurs  in  several  diflFerent  forms,  in  the 
mineral  apatite  as  phosphorite  or  rock  phosphate,  land  pebbles,  and  in 
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guano,  which  is  fornied  from  the  excreta  of  sea  birds  and  bats.  In 
nearly  every  extensive  cave  in  the  Philippines  a  dirty,  coarse,  granular 
soil  is  encountered  on  the  floor,  varying  from  a  few  inches  to  several 
feet  in  depth;  this  is  usually  a  bat  guano,  the  total  quantity  in  each 
instance  varying  from  several  hundred  to  a  thousand  tons.  It  could  be 
mined  with  profit.  The  Island  of  Marinduque  is  said  to  have  many 
caves  containing  this  deposit,  which  in  one  place  is  estimated  to  be. 
as  much  as  500  tons.  I  believe  the  only  people  in  the  east  who  handle 
this  material  are  the  Japanese. 

Pyrite. — The  chief  use  for  pyrite  is  in  the  manufacture  of  sulphuric 
acid.  As  yet  I  liave  neither  seen  nor  heard  of  any  extensive  deposits  of 
this  iron  compound,  although  it  is  j)robably  the  most  widely  disseminated 
of  all  the  metallic  minerals.  I  do  not  believe  a  plant  erected  for  the 
purj)oso  of  making  sulphuric  acid  alone  would  pay  in  the  Islands,  but 
as  a  by-product  incident  upon  the  treatment  of  pyritiferous  ores  it  might 
find  a  ready  market. 

Sulphur. — Sulphur  in  small  quantities  has  been  found  in  Leyte,  in 
^Findanao,  in  Iaizou,  practically  everywhere  where  there  has  been  any 
recent  vulcanism.  ]\fr.  Goodman,  of  this  Bureau,  on  a  recent  trip 
tlirougli  Leyte  made  a  very  dih'gent  search  for  sulphur,  visiting  some 
of  the  locally  well-known  solfataras,  but  he  did  not  find  any  commercially 
valuable  deposits.  It  would  be  a  distinct  advantage  if  we  were  to  find 
any  considerable  quantity  of  sulphur,  as  this  element  is  needed  in  the 
making  of  certain  kinds  of  paper.  Very  good  paper  has  been  prepared 
by  Mr.  Eichmond,  of  this  Bureau,  from  abaca  and  cogon  waste,  but 
sulphur  is  needed  in  the  process.  I  have  no  doubt  in  my  own  mind 
that  there  are  considerable  buried  deposits  of  sulphur  intercalated  in  the 
general  lava  flows  which  will  be  uncovered  at  a  later  time. 

Salt. — The  occurrence  of  springs  flowing  hot  saline  solutions,  either 
(piited  saturated  or  nearly  so,  appears  to  indicate  the  existence  of  natural 
salt  deposits  in  the  Philippines,  although  none  have  been  actually  en- 
countered. Such  springs  are  known  to  exist  at  Mainit  near  the  town  of 
Bontoc,  at  Asin  near  the  boundary  line  between  Lepanto  and  Nueva  Viz- 
caya,  and  near  the  town  of  Bambang  in  Nueva  Vizcaya.  All  of  these 
occurrences  are  in  the  interior  of  northern  Luzon  and  at  least  35  miles 
from  the  coast. 

Mineral  paints. — In  I  locos  Norte,  as  well  as  in  many  places  through- 
out the  Islands,  there  are  considerable  accumulations  of  yellow  and  red 
ocher  which  should  make  a  very  fair  article.  A  good  quantity  of  the 
ground  mica  and  actinolite,  greenish  in  color,  also  occurs;  this  might 
also  be  w^orked  up  into  a  fair  grade  of  paint. 
68546 2 
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MISCELLANEOUS. 

Ab  1  treated  the  topic  of  aHlxistos  more  at  length  in  another  report 
I  shall  briefly  pass  it  over,  making  the  statement  here  that  small 
amounts  of  asbestos  have  been  found  in  1  locos  Norte  but  that  no  first 
grade  variety  has  as  yet  been  located.  The  quantity  so  far  in  sight 
is  limited.  Some  of  the  asbestos  is  fibrous  serpentine,  but  most  of  it  is 
'an  amphibole  more  closely  designated  as  anthophyllite.  However,  within 
the  last  few  days  very  promising  specimens  of  chrysotile  have  been  received 
from  Uocos  Norte.     Prospecting  is  still  in  progress. 

Brick  and  tile. — Red  brick  and  tile  are  made  near  Guadalupe,  J^izal 
Province,  from  a  transported  clay  of  a  fair  grade.  The  principal  kiln  is 
situated  on  the  banks  of  the  Pasig  lliver.  The  methods  are  rather 
cmde.  The  finished  product  is  brought  down  the  river  in  bancas  and 
sold  in  Manila. 

Prices  of  brick  and  tile. 

k  w««i«  Dimension  in  i      Price  per 

A'^^c^®-  !        incrhes.  1,000.  ' 

I       .      .L i 

Tile ■  lOiXlOi  X  1  I  r80tonoo    : 

Brick:                                   |  I 

No.  3 -- \  4iX    Hi   ■  2  !  22to       25 

Cornice.. '  3}  X  lOi  >  2  |  22  to       25    ; 

Half  brick '  4i  X  9i  ■  1  >  16    \ 

'  ,      1 

Feldspar. — Feldspar  is  valuable  for  glazing  purposes  in  the  manu- 
facture of  porcelain.  In  llocos  Norte,  near  the  Caraon  Eivcr,  there  is  a 
considerable  deposit  of  disintegrated  quartz  and  feldspar  which  could 
be  used  in  the  porcelain  industry  and  in  the  manufacture  of  glass.  This 
would  not  make  the  best  quartz  for  glass  manufacture,  as  is  the  case 
with  that  derived  from  a  pure  sand  or  a  crushed  quartzitc,  but  still  I 
think  it  would  do  very  well. 

Fuller  s  earth. — This  material  occurs  on  the  township  site  of  Baguio, 
Benguet. 

Magnesite. — Magnesite,  or  magnesium  carbonate^  is  usually  found 
along  rifts  in  serpentines  and  pyroxenites.  I  have  seen  some  patches 
of  it  on  Batan  Island  off  the  Albay  coast  and  in  llocos  Norte,  but  none 
in  commercially  valuable  quantities. 

Manganese  ore. — Manganese  ores  in  the  form  of  pyrolusite,  psilome- 
lane  and  wad  have  been  found  in  several  parts  of  the  Islands ;  in  ^rasbate, 
in  the  Aroroy  district,  there  is  so  much  of  it  that  it  is  mixed  through  the 
vein  matter  and  causes  a  great  deal  of  trouble  on  the  mill  plates.  In 
Zambales  Province,  on  the  road  from  Capas  to  Iba,  a  deposit  of  manganese 
ore  has  been,  penetrated  by  the  road,  but  we  have  no  figures  as  to  the 
quantity.  In  llocos  Norte  there  is  a  very  peculiar  occurrence  of  man- 
ganese ore,  for  it  is  found  in  this  province  as  nodules,  varying  from  half 
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ail  incli  to  2  and  ll  inclu^s  along  tluMi*  lont^ost  dijuneters,  usually  some- 
what flatteneil  rather  than  round.  These  nixlules  are  found  scattered 
all  over  the  surface  over  acres  of  ground  and  in  some  places,  in  natural 
troughs  hetween  hills,  thev  are  concentrated  to  the  thickness  of  a  foot 
or  more.  The  de])osit  is  essentially  a  blanket  of  natural  concentrates. 
As  yet  no  deposits  of  sutTlcient  extent  and  depth  to  be  of  certain  com- 
mercial value  have  been  found,  and  not  enough  development  has  been 
(lone  to  make  a  fair  estinuite  possible. 

Mica. — No  sheet  mica  \u\s  been  encountered  in  (he  IMiilippines  up  to  the 
{)resent  time,  but  in  llocos  Norte  considerable  j)ocket8  of  a  very  triturated 
mica  occur.  This  material  could  be  used  for  lubricants,  ^'frosting"  for 
Christnms  elTects,  etc.,  and  were  some  snudl  leaves  of  mica  to  be  found 
they  could  be  united  into  larger  sheets  of  so  called  "micanite"  and  used 
for  insulating  certain  parts  of  electrical  apparatus. 

Mineral  waters. — Since  the  year  1803,  the  date  of  the  publication  of 
the  ^vork  entitled  "P]studio  Descriptivo  de  Algimos  Manantiales  Mine- 
rales  de  las  Filipinas,''  by  Abel  la  and  Casarriego,  Vera  and  (Jomez  and 
l^osario  and  Sales,  considerable  work  lias  been  done  on  spring  aiul  mineral 
waters  in  the  chemical  division.  Bureau  of  Science,  but  the  results  have 
not  yet  been  collected  and  tabulated.  Some  of  the  well-known  springs 
recorded  in  the  S])anish  work  are — 

1.  The  spring  of  Lanot,  near  the  town  of  Daet,  in  the  Province  of 
Ambos  Canuirim^.  This  water  contains  iron  and  carbonic  acid.  Tem- 
perature, 26°  C. 

2.  The  si)ring  of  Pansol,  near  Calandja,  Province  of  Laguna.  This 
contains  the  bicarbonates  of  sodium  and  potassium.  Temperature,  32° 
to  43°  C. 

3.  The  spring  of  San  Mariano  de  Nagtanglang,  town  of  Pozorrubio, 
Province  of  Pangasinan.     Temj)erature,  29°  C. 

4.  The  spring  of  ^fainit  de  Bosoboso,  Bosoboso,  Province  of  Kizal. 
This  contains  sulphur,  besides  nitrogenous  matter.     Temperature,  48°  C 

5.  The  spring  of  Mulag,  pueblo  de  Carcar,  Carcar,  Province  of  Cebu, 
the  water  of  which  is  much  the  same  as  that  from  Bosoboso.  Tem- 
perature, 33°  to  34°  C. 

f).  The  spring  of  Tagbag  or  Bolocboloc,  pueblo  de  Barili,  Province 
of  Cebu.  This  contains  a  mixture  of  bicarbonates.  Temperature, 
31°. 5  C. 

7.  The  spring  of  Meabe,  Rancheria,  Itogon,  in  the  Province  of  Ben- 
guet.       Temperature,  86°  C. 

8.  The  spring  of  Cotabato,  pueblo  of  Cotabato,  Mindanao,  and  several 
others.     Temperature,  38°  C^ 

The  two  most  important  w^ateis  to-day  and  which  are  not  mentioned 
in  this  report  but  in  an  earlier  one  (1890)^  are  from  Sibul  Springs,  near 

^  Memoria  Descriptiva  de  los  Manantiales  Minero-Medicinales  de  la  Isla  de 
Luzon,  Madrid  (1890). 
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the  pueblo  of  San  Miguel  de  Mayumo,  in  Bulacan  Province,  and  the  Los 
Baiios  water,  better  known  as  "Isuan."  Both  of  these  have  a  reputation 
for  beneficial  medicinal  qualities.  '^J'hu  Sibul  Spring  water  has  a  tem- 
perature of  only  about  27°  C.  or  that  of  the  air,  and  it  emits  an  ap- 
preciable odor  of  hydrogen  sulphide.  However,  this  quickly  disappears 
as  no  trace  of  it  was  found  when  the  water  was  examined  in  Manila. 
The  report  of  the  chemist,  V.  Q.  Gana,  of  this  Bureau,  classes  it  as 
nonthermal,  calcic,  alkaline,  saline. 

^^Isuan"  is  classed  by  V.  Q.  Gana  as  a  thermal,  sodic  and  calcic,  alkaline 
'saline  siliceous  bicarbonated  water.  The  good  (jualities  of  this  water 
have  been  added  to  by  artificial  charging  with  gas.  At  the  spring  it  has 
a  temperature  of  91°  C. 

MISCELLANEOUS. 

Precious  stones. — No  stones  of  gem  quality  have  been  reported;  how- 
ever, in  llocos  Norte  I  have  seen  some  poor  specimens  of  opal  which 
showed  a  little  fire.  Diligent  search  in  this  region  might  bring  some 
very  fair  specimens  to  light.  Some  small  topazes  have  been  found  in 
streams  in  Ambos  Camarines. 

Pumice  stone. — In  a  region  of  such  great  vulcanism  as  ours  we  should 
find  quantities  of  pumice;  in  fact,  we  do  encounter  a  great  amount 
of  pumice  fragments  scattered  throughout  tlie  tulf  deposits  around 
Manila,  but  so  far  I  have  seen  no  large  pieces  of  it. 

T/ie  pearl-shell  industry. — There  is  at  the  present  time  only  one 
factory  in  the  Philippines  turning  out  pearl  buttons  and  other  small 
shell  ai:J;icles.  This  is  located  in  Pandacan  on  the  south  bank  of  the 
Pasig  River.     It  has  been  in  operation  three  years  and  a  half. 

The  shells  from  which  the  buttons  are  manufactured  come  from  Jolo, 
Mindanao,  Cebu,  and  other  southern  islands  in  the  Archipelago.  They 
are  bought  in  the  open  market,  chiefly  from  Chinese,  but  some  are 
obtained  from  Filipinos. 

The  best  quality  of  buttons  is  made  from  a  Hat,  nearly  circular  shell 
8  X)c  9  inches  in  diameter  and  one-half  to  three-quarters  inch  thick 
(Meleagrina  (Avicula)  margaritifera) .  Another  shell  from  which  most 
of  the  cheaper  grade  of  buttons  are  manufactured  is  a  curved  shell 
wound  in  the  form  of  a  spiral  and  about  6  inches  in  diameter  (local 
name  "carabaos"). 

The  capacity  of  the  plant  when  all  of  the  machines  are  running  is 
about  200  gross  per  day  of  buttons  of  many  different  shapes  and  sizes. 
This  output  requires  about  25  tons  of  rough  shells  per  month.  It  is 
believed  that  this  output  will  be  ample  to  supply  the  demand  for  these 
Islands. 

The  exact  amount  of  importation  at  present  I  have  not  been  able  to 
ascertain  but  it  is  estimated  that  the  imports  are  from  3,000  to  5,000 
gross  per  month. 
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There  is  an  almost  unlimited  market  in  the  East  for  pearl  buttons 
which  are  nearly  all  imported  from  Europe  at  the  present  time.  It  is 
expected,  however,  that  the  Thilippines  will  consume  all  of  the  product 
of  the  present  plant. 

The  machinery  is  all  new  and  apparently  of  the  most  improved  design. 
The  following  is  a  list  of  the  different  machines: 

1.  One  circular  saw  to  divide  the  curved  shells  into  convenient  sizes. 

2.  Twelve  tubular  saws  for  sawing  out  different  sizes  of  disks  from 
the  rough  shell. 

,'}.  One  emery  grinder  fed  by  belt  which  grinds  off  most  of  the  waste 
material  from  the  disks. 

4.  One  sorter  which  separates  the  disks  according  to  thickness.  It 
consists  of  two  inclined  cylinders  about  4  feet  long  close  together  at  the 
upper  end  and  about  one-fourth  inch  apart  at  the  lower  end. 

5.  Seven  grinding  machines  where  all  of  the  waste  material  is  ground 
off  the  crude  buttons. 

6.  Twelve  machines  for  making  holes  in  the  center  of  the  button  to 
receive  a  metal  disk  and  eye. 

7.  Six  lathes  for  making  different  designs  on  the  face  of  the  button. 

8.  Four  mac^hines  for  making  holes  through  buttons  which  are  to 
be  fastened  with  thread. 

9.  Four  revolving  polishing  barrels  into  which  the  completed  buttons 
are  charged,  together  with  pumice  stone.  These  barrels  are  about  20 
inches  long  and  12  inches  in  diameter. 

Nearly  all  of  these  machines  are  simple  in  construction  and  easy  to 
operate. 

Sand;  molding,  building,  etc.,  and  gravel. — We  have  no  statistics  at 
hand  in  regard  to  molding  and  building  sand  and  gravel.  We  have  an 
abundant  supply  of  building  sand  on  our  beaches;  and  in  the  beds  of 
our  many  rivers  we  have  an  unlimited  amount  of  gravel,  great  quantities 
of  which  are  being  used  every  year  on  roads  and  in  concrete  work.  The 
only  sand  that  we  have  found  at  all  approaching  a  molding  sand,  which 
of  course  must  have  certain  properties,  is  that  occuring  as  intercalated 
beds  in  the  tuff  deposits  near  the  city  of  Batangas.  This  sand  is  very 
fine  grained,  free  from  pebbles,  and  can  be  molded  into  any  shape 
desired;  I  think  the  supply  is  unlimited. 

Talc  and  soapstone. — The  only  talc  that  I  have  so  far  seen  in  the 
Philippines  comes  from  Ilocos  Norte,  near  the  pueblo  of  Pasuquin.  It 
occurs  in  irregular  pockets  with  micas  and  the  schist  area  bordering  the 
serpentine  mass.  This  talc  would  doubtless  find  ready  application  as  a 
loading  material  for  paper. 

I  have  not  seen  any  soapstone  nor  have  I  any  reports  of  its  occurrence. 

Tripoli  has  been  found  on  the  naval  reservation  at  Olongapo. 


METALLIC  MINERAL  RESOURCES. 


By  Maurice  Goodman. 


Gold. — Gold  is  easily  the  first  in  importance  of  the  metallic  mineral 
resources  of  the  Philippines.  It  has  heen  sought  for  and  found  in  most 
of  the  provinces  of  the  Archipelago,  hut  of  them  all  the  Provinces  of 
Benguet,  Masbate,  and  Ambos  Camarines  are  rivals  for  first  place  in 
the  metal  output  and  in  general  mining  activity.  Numerous  claims 
have  been  located  in  these  provinces  and  several  corporations  have 
lately  been  organized  to  develop  and  operate  a  number  of  the  most 
important  groups.  The  success  of  some  of  the  companies  which  have 
entered  the  field  is  yet  in  doubt,  while  that  of  others,  to  judge  from 
their  continuous  operation  and  constant  output,  might  naturally  be 
considered  assured.  There  are  other  corporations  which  have  not  yet 
attempted  to  break  into  the  producer  class,  but  have  exerted  their 
energies  toward  developing  their  propeiiies  and  in  blocking  out  ore. 
From  the  latter  class  good  reports  are  antici})ated  in  the  near  future. 
As  the  mineral  resources  of  the  Philippines  have  been  discussed  at 
length  in  the  past  annual  reports  of  the  Chief  of  the  Mining  Bureau, 
copies  of  which  may  be  obtained  upon  application,  it  will  be  necessary 
here  to  make  mention  of  the  later  discoveries  and  developments  only. 

Two  new  stamp  mills  have  recently  been  imported  into  the  Islands. 
One,  a  Hendy  quadruple-discharge  six-stamp  mill,  will  be  erected  in 
Benguet,  and  the  other,  a  ten-stamp  mill  of  the  Risdon  type,  has  been 
set  up  in  Masbate.  On  the  other  hand,  a  ten  and  a  fiwe  stamp  mill 
have  been  shut  down  in  Masbate,  so  that  the  prospects  for  an  increased 
output  this  year  seem  doubtful.  However,  new  discoveries  have  been 
made  which  promise  well  for  the  future.  At  Binanlonan,  in  the  northern 
part  of  Pangasinan,  some  rich  but  narrow  veins  of  free-milling  ore  have 
been  discovered  and  at  least  two  companies  are  engaged  in  active  ex- 
ploration work  in  that  field.  Unfortunately,  internal  dissensions  have 
been  interfering  with  rapid  progress  in  this  district,  but  with  the  set- 
tlement of  disputes  the  outlook  for  the  new  mining  camp  seems  favorable. 

The  Island  of  Marin duque  also  offers  a  new,  but  small  field  for  the 
prospector.  Recent  discoveries  conclusively  prove  the  presence  of  gold- 
bearing  veins,  and  while  no  bonanzas  have  been  encountered  the  company 
most  active  in  prospecting  the  district  declares  itself  well  satisfied  with 
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the  sliowing  thus  far  made  and  is  prepared,  should  the  prospects  continue 
favorahle,  to  open  up  and  (ievelop  its  properties  on  a  larger  scale. 

The  gold  mining  industry  in  the  northern  Camarines  has  been  showing 
signs  of  awakened  interest.  While  this  is  more  true  of  placer  than  of 
(juartz  properties,  the  hitter  too  have  recently  been  the  subject  of  negotia- 
tions which  have  beini  successfully  concluded,  and  mining  operations  here 
have  btK^n  resumed.  These  pro})erties  are  n^jmrtcd  to  have  yielded  much 
rich  ore  in  the  past  and  were  the  only  mines  ojx'rated  with  an  approach 
to  modern  methods  during  the  Spanish  regime.  For  various  reasons 
these  mines  were  abandoned  and  are  to-day  in  such  a  condition  that  it 
will  require  a  considerabh*  expenditure  of  money  to  put  them  in  work- 
ing shape. 

The  most  n>cent  information  received  is  that  the  dredge  erected  about 
^lay  1  of  last  year  is  yielding  returns,  and  several  (piartz  prospei'ts  are 
being  opened  up. 

The  most  interesting  and  probably  most  important  of  the  recent 
discoveries  of  gohl,  was  made  in  the  Suyoc  region  of  southern-  !A^})anto, 
where  the  Igorots  liave  been  working  and  washi^jg  gold  ore  by  the  most 
primitive  methods  for  a  hundrcHl  years  or  more.  Many  years  ago  they 
were  driven  out  of  their  richest  diggings  by  water,  as,  because  of  the 
topography  of  the  country,  they  could  not  work  these  places  by  their 
usual  booming  method.  An  American  prospector  by  means  of  a  drainage 
tunnel  has  recently  removed  the  water  from  one  of  these  Hooded  work- 
ings and  found  the  rich  ore  which  tradition  re[)orted  to  be  present.  A 
silvery,  white  mineral  since  identified  as  calavcrite  was  observed  in  as- 
sociation with  the  free  gold,  this  being  the  llrst  authentic  report  of  the 
oc^currence  of  telhiride  of  gold  in  the  Philippines.  No  report  as  to  the 
extent  of  the  deposit  or  the  average  assay  value  of  the  ore  has  yet  bcHin 
made. 

Xo  great  amount  of  bullion  was  produced  during  the  past  year  from 
the  placer  deposits  of  the  Philippines.  One  dredge  has  but  recently 
arrived  at  its  real  working  field,  having  been  engaged  heretofore  in 
laboriously  making  its  way  througli  comparatively  poor  and  more  or  less 
barren  ground.  A  New  Zealand  syndicate  imported  a  gold  dredge  last 
year  which  has  since  been  put  together  and  floated  in  the  Paracale  lliver. 
Another  dredge,  which  is  now  lying  idle  in  Masbate,  may  be  transferred 
to  the  Camarines  in  the  near  future  to  assist  in  the  exploitation  of  this 
rich  field. 

In  Nueva  Ecija,  ditches  and  flumes  have  been  constructed  and  every- 
thing is  prepared  for  a  profitable  sluicing  campaign  during  the  coming 
i-ainy  season.  Considerable  prospecting  has  been  done  during  the  past 
year  in  the  placer  field  of  northern  Surigao,  but  no  extensive  mining 
operations  have  yet  been  undertaken. 

Copper, — Scarcely  a  dollar's  worth  of  copper  has  been  produced  in 
these  Islands  since  American  occupation.     Nevertheless,  this  metal  is 
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readily  conceded  to  rank  next  to  gold  in  importance  as  a  natural  asset  of 
the  Philippines.  It  holds  this  position  both  because  of  its  past  record, 
and  of  its  widespread  occurrence  throughout  the  Islands,  being  a  frequent 
associate  of  gold  in  the  ores.  The  nonproduction  of  copper  of  late  years 
must  necessarily  be  attributed  to  the  absence  of  smelters  in  the  Islands 
and  to  the  difficulties  of  transportation  from  the  mountain  regions  where 
the  ore  has  been  found,  to  the  nearest  port  from  which  the  product  could 
be  shipped  to  foreign  smelters.  With  the  investment  of  a  moderate 
amount  of  capital  these  difficulties  could  be  overcome,  either  by  the 
erection  of  a  furnace  near  the  mines  or  the  improvements  of  trans- 
portation facilities.  The  Mancayan  copper  mines,  which  are  the  most 
important  and  best  known  copper  deposits  in  the  Philippines,  have  lately 
come  under  the  control  of  a  local  syndicate  composed  of  American  and 
English  capitalists.  This  company  has  applied  for  and  obtained  a  fran- 
chise to  build  a  railroad  from  Mancayan  to  Bangar,  a  town  on  the  west- 
em  coast  of  Luzon.  If  this  road  is  built,  a  most  important  step  toward 
the  upbuilding  of  the  mineral  industry  of  the  Philippines  will  have  been 
taken,  for  not  only  is  sucli  a  road  of  prime  importance  to  the  interests 
of  the  copper  company,  but  all  of  the  gold  mines  of  Suyoc  and  northern 
Benguet  will  be  benefited  by  it.  The  Mancayan  property  is  now  being 
thoroughly  examined  by  a  mining  engineer  from  the  United  States. 

Very  promising  specimens  of  the  carbonate  ores  from  eastern  Pan- 
gasinan  have  recently  come  to  the  Bureau,  but  no  authentic  reports 
have  yet  been  received  concerning  the  extent  of  the  deposits.  Similar 
specimens,  but  no  more  data,  have  been  recorded  from  (vagayan  de  Mi- 
samis.  Large  bowlders  of  chalcocite  float  carrying  very  appreciable 
(|uantities  of  gold  and  silver  have  been  oncountcred  in  Marindiique, 
but  up  to  the  present  time  the  mother  lode  has  not  been  discovered. 
Native  copper  occurring  as  a  very  thin  stringer  in  igneous  rock  has  been 
discovered  in  Masbate,  and  rich  carbonate  ores  carrying  gold  and  silver 
have  been  found  in  the  same  region. 

Silver, — Native  silver  has  been  obtained  only  from  one  of  the  Suyoc 
mines,  a  short  distance  from  where  the  telluride  of  gold  was  discovered. 
Some  rich  assays  of  this  ore  have  been  made.  As  an  associate  of  gold 
it  is  encountered  in  many  ores,  but  in  most  of  them  it  occurs  only  in 
inappreciable  quantities.  It  has  been  found  with  lead  in  the  argentiferous 
galena  of  Marinduque  and  Cebu,  running  over  11  ounces  per  ton  in  the 
former,  while  in  the  latter  the  proportion  is  unknown,  although  it  is 
reported  to  be  high. 

Lead, — No  development  work  was  performed  on  any  of  the  lead  de- 
posits of  the  Philippines  during  the  last  year.  The  outcrops  in  Marin- 
duque and  Cebu  were  visited  by  representatives  of  the  mining  division 
of  this  Bureau,  but  the  lack  of  development  work  made  it  impossible 
to  formulate  a  conclusive  report  upon  the  probable  importance  of  these 
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deposits.  A  few  of  the  gold  ores  of  the  Ishmds  contain  a  sufficiently 
high  percentage  of  galena  to  make  it  a  factor  in  the  estimation  of  the 
smelting  cost.  Large  specimens  of  galena  float  were  found  in  conjunc- 
tion with  those  of  chalcocite  mentioned  above,  but  as  already  stated, 
the  parent  lode  of  these  bowlders  has  not  yet  been  discovered.  In  Cebu 
the  galena  occurs  aj^  a  '^stockwoik,''  in  or  closely  associated  with  an 
andesite  flow. 

Iron, — No  new^  developments  have  taken  place  in  the  iron  industry  of 
the  Philippines  during  the  past  year.  In  the  Angat  region  an  improve- 
ment in  the  conditions  was  caused  by  the  termination  of  the  legal  dis- 
putes which  had  been  causing  more  or  less  molestation  to  the  operators 
for  the  last  four  or  five  years.  An  inrretuied  economy  and  possible  out- 
put may  follow  as  a  result  of  this  settlement,  but  no  new  discoveries 
or  modifications  of  the  methods  em])loyed  are  reported.  The  new  wagon 
road  being  built  between  San  Miguel  de  Mayumo  and  Sibul  may  prove 
an  impetus  to  the  iron  smelters  of  that  district,  as  it  will  permit  of 
greater  economy  in  the  cost  of  transportation  of  the  product  from  the 
mines  to  tlie  railroad.  This  has  always  been  one  of  the  largest  expenses 
in  this  region.  Iron  ore  has  bec^i  discovered  in  Marindu(|ue,  but  under 
conditions  whicli  render  an  iron  industry  unlikely  in  that  island  within 
tlie  near  future.  Iron  ore  carrying  manganese  has  been  reported  from 
near  Panopoy,  Cel)U. 

TeUurium. — 'i'ellurium  in  the  form  of  calaverite  and  sylvanite  has 
been  found  occurring  in  fine  streaks  in  Benguet  and  Lepanto  ore. 

Tin. — Considerable  stir  was  caused  some  months  ago  by  the  reported 
discovery  of  tin  ore  in  Mindanao.  As  such  a  discovery  had  long  been 
hoped  for,  the  statement  at  first  gained  considerable  credence.  A  brief 
investigation,  however,  proved  the  news  to  be  false.  No  a\ithenticat(Ml 
discovery  of  tin  has  been  made  in  the  Phili})pine  Islands, 
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Compiled  by  VV.  1).  Smith. 


Table  I. — Production  of  metalluy  and  nonmetallic  mineralfi,  by  provinceSf  in  1907. 


Province. 


Albay __. 

ADibos  Camarines ._. 

Benguet 

Bulacan 

Cebu 

Ilocos  Norte 

La  Ijaguna 

Lepanto-Bontoc 

Sorsogon  (Masbate)  . 

Total „. 


Gold. 


Ounces. 


100 
»•  3,888 


552 


M,540 


Silver.  Copper. i  Iron. 


Ounces. 


Shart 
tmi9. 


7  :- 


Coal. 


Short 
tontf. 

4Jy4b 


(0 


(0 


76  i 


436 


C) 


83  I 


436       4, 545 


Clay.  .Guano.* 


Mis- 
cella- 
neous. 


C) 


(') 


I  I 


•A  few  hundred  tons  all  told  have  been  taken  from  various  cave.s  in  Rizal  and  Batangas  rrovinces. 

''About  200  ounces  per  month  are  brought  in  by  the  Igorota  and  .sold  in  Baguio.  The  output  of 
the  American  mines  was  given  in  dollars  from  which  the  number  of  ounces  was  calculated. 

« Worked  in  Spanish  times.    No  production  but  vigorous  development. 

d Small  amounts  of  manganese  and  crude  asbestos. 

«The  natives  and  Chinese  use  a  considerable  quantity  of  kaolin  for  whitewashing. 

'Some  silver  ore  has  been  found  but  has  not  yet  been  developed. 

ft  Worked  in  Spanish  times,  now  by  Igorots.    Development  by  Americans  begun. 

hi  have  estimated  the  total  Igorot  production  to  be  2,000  ounces.  It  is  impassible  at  present  to 
obtain  more  exact  figures. 

Although  the  total  production  of  metallic  and  nonmetallic  minerals 
is  not  large,  a  really  insignificant  quantity  when  we  consider  what  the 
country  could  and  should  producg,  it  is  well  to  include  the  record  given 
in  Table  I  as  the  beginning  of  the  future  annual  tables  of  production. 
For  the  first  year  this  is  as  accurate  a  statement  as  can  be  made.  We 
hope  to  include  figures  next  year  regarding  a  number  of  products  such 
as  guano,  brick  and  tile,  lime,  etc.  The  scattered  condition  of  these  in- 
dustries, largely  native,  makes  it  difficult  to  secure  the  information  with 
any  accuracy. 

Of  the  4,540  ounces  of  gold  which  from  actual  figures  and  estimates 
make  up  the  total,  2,540  represent  the  amount  taken  out  by  Americans 
and  New  Zealanders;  the  remainder  represents  the  quantity  mined  by 
hundreds  of  Igorots  and  sold  in  Baguio.  The  average  fineness  of  the 
gold  taken  out  by  the  American  and  New  Zealand  operators  was  0.850. 
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Some  of  the  Igorot  gold  recovered  as  nuggets  and  stringers  would  doubt- 
less be  finer,  but  a  certain  pro})ortion  of  their  gold  has  been  found  to 
be  alloyed  with  copper  to  such  an  extent  that  an  ounce  would  not  be 
worth  over  $10.  It  is  to  be  rega^tted  that  our  figures  can  not  be  more 
definite,  but  this  is  our  first  attempt  at  compiling  statistics  in  the  Phil- 
ippines. 

When  it  is  remembered  that  the  Jgorots  use  no  machinery  and  all  the 
other  gold  excepting  that  which  came  from  one  dredge  set  up  last 
May  lias  come  from  two  stamp  mills  of  three  and  ten  stamps,  rt^spec- 
tively,  which  latter  have  l)een  set  up  hardly  more  than  a  year,  and  when 
it  is  recalled  that  all  the  proi)erties  are  as  yet  doing  little  more  tlian 
development  work  the  outl(H)k  is  encouraging. 

Silver  is  as  yet  practically  a  negligible  (piantity.  All  the  iron  pro- 
duced comes  from  one  furnace,  owned  and  operated  by  a  native  and  the 
methods  are  of  the  crudest.  The  coal  industry  is  still  in  the  firet  stages, 
but  to  judge  from  the  active  exploration  going  on  in  two  districts,  next 
year's  figures  should  show  a  material  increase. 

The  Igorots  of  Lepanto-Bontoc  manufacture  many  domestic  articles 
from  the  copper  which  they  mine  themselves.  The  amount  is  extremely 
variable  and  almost  negligible. 

There  are  at  present  five  stamps  mills  in  the  Islands — three  in 
Benguet  and  two  in  Masbate.  The  largest  has  ten  stamps  of  i)00  pounds 
each.  One  dredge  is  in  operation  in  the  Camarines  and  one  tempora- 
rily.shut  down  in  Masbate. 

Up  to  June,  1907,  1,G01  lode  claims  and  533  placer  claims  had  been 
filed;  of  these,  one  lode  claim  has  been  patented,  14  have  been  surveyed 
and  are  now  ready  for  patent,  and  six  placer  claims  have  been  surveyed 
and  are  also  ready  for  patent.  Three  hundred  and  thirty-eight  coal 
claims  have  been  filed  uj)  to  the  present  time,  of  these  3  have  l)ecn 
patented. 


EXHIBITS. 


Exhibit  A. 

MINING  AND  GEOLOGICAL  NOTES  ON  A  PORTION  OF 
NORTHWESTERN  MINDANAO. 

By  H.  M.  IcKis. 

The  territory  considered  in  this  article  lies  to  the  south  and  east  of 
Makajalar  Bay  on  the  northwest  coast  of  Mindanao. 

The  largest  settlement  is  the  town  of  Cagayan,  the  capital  of  tlie 
Province  of  Misamis,  which  is  situated  on  the  right  bank  of  the  river  of 
the  same  name  and  about  3  miles  from  its  mouth.  The  recently  created 
subprovince  of  Bukidnon  has  taken  from  Misamis  Province  nearly  all 
the  back  country  which  is  inhabited  by  non-Christians,  leaving  to  Misamis 
only  a  narrow  strip  along  the  coast,  peopled  by  Visayans.  The  inhabit- 
ants of  the  interior  are  harmless  and  peaceable,  they  are  termed  Monteses 
or  Buhidnons  (mountain  men).  Travel  or  prospecting  can  be  carried 
on  without  molestation. 

The  low  bottom  land  in  the  vicinity  of  Cagayan  extends  from  1  to  4 
miles  back  from  the  seashore,  where  there  is  an  abrupt  rise  to  an  elevation 
of  300  to  500  feet  and  thence  a  gradual  rise  to  the  southward.  The 
streams  flow  in  a  general  northerly  direction  through  deep,  narrow  caiions 
until  they  strike  \hQ  low  coastal  plains.  These  canons  are  seldom  less 
than  300  and  are  sometimes  nearly  if  not  quite  1,000  feet  in  depth,  the 
walls  being  either  vertical  or  very  steep. 

At  a  distance  this  whole  region  appears  to  be  an  unbroken  table-land 
rising  gradually  from  the  first  elevation  of  300  feet  or  more  to  2,600 
f6et  at  the  divide  between  the  Pulangui,  or  Rig  Grande  de  Mindanao, 
which  flows  south  to  Illana  Bay,  and  the  streams  flowing  north  into 
Makajalar  Bay.  However,  as  the  country  is  traversed,  all  the  small 
branches  of  the  rivers  are  found  to  be  engorged. 

The  practical  topographic  features  are,  therefore,  first,  a  low,  narrow, 
coastal  plain;  then  a  table-land  rising  to  an  elevation  of  2,600  feet  at 
the  divide,  thence  sloping  gradually  down  to  1,700  feet  and  finally 
dropping  rapidly  to  the  valley  of  the  Pulangui  at  an  elevation  of  1,100 
to  1,200  feet.  The  table-land  extends  along  the  sea  from  Tagaloon  to 
Iponan,  a  distance  of  approximately  20  miles.  The  eastern  limit  is 
marked  by  Tagaloon  and  the  lower  reaches  of  the  Suaga  River.  On 
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the  west,  the  table-land  is  limited  by  a  range  of  mountains  extending 
from  Mount  Kotunlod  through  Maniijui  to  Pigtao  on  the  Iponan  River, 
and  on  the  south  by  Mount  Kotunlod  and  the  Pulangui  River  Valley. 
A  lofty,  igneous  range  of  mountains,  wliich  includes  at  least  one  volcanic 
cone,  lies  to  the  northeast  around  the  headwaters  of  the  Pulangui  River. 
Blount  Kotunlod  and  Mount  Kalatungan  to  the  south  are  volcanoes 
estimated  to  be  G,500  to  7,000  feet  above  sea  level;  the  Malapalay  and 
the  Cagayan  Rivers  rise  from  between  these  two  mountains,  the  former 
flowing  southward  to  the  Pulangui  and  the  latter  westward  to  Makajalar 
Bay.  The  higher  ranges  are  all  woodinl,  but  the  table-lands  and  valleys 
are  grassy  with  only  scattering  inyam  (Antidcsfna)  trees. 

The  north  and  west  portions  of  the  table-land  consist  of  conglomerate 
beds  which  are  sometimes  capped  with  limestone;  where  this  limestone 
appears,  smooth  grassy  hills  rise  above  the  surrounding  plain  and  occa- 
sionally white  cliffs,  visible  for  a  great  distance,  are  seen.  The  con- 
glomerate beds  themselves  are  composed  of  andesitic  and  basaltic  bowlders, 
cemented  together  with  material  of  the  same  nature. 

The  table-land  at  Maniqui,  15  miles  south  of  Cagayan,  is  terminateil 
by  a  narrow  strip  of  coral  limestone  which  lies  between  the  conglomerate 
beds  and  the  igneous  range  to  the  southward.  Maniqui  Creek  is  a 
branch  of  the  Iponan  River  but  it  rises  and  flows  for  some  distance  very 
close  to  the  Cagayan.  Where  it  strikes  the  strip  of  limestone  mentioned 
above,  the  water,  except  in  the  time  of  flood,  sinks  in  and  follows  some 
underground  channel,  leaving  a  dry,  narrow  canon  with  vertical  limestone 
walls.  In  this  limestone  area  there  are  many  depressions  which  have 
no  natural  surface  drainage,  but  only  an  underground  outlet. 

The  igneous  hills  at  Maniqui  consist  of  andesite  porphyry,  but  the 
stream  beds  show  a  variety  of  igneous  bowlders  among  which  tough, 
fine-grained,  dark  colored  rocks  predominate.  There  are  also  some  non- 
mineralized  quartz  bowlders  and  many  of  pure  magnetite. 

Washings  of  the  gravel  showed  a  large  amount  of  black  sand  and  oc- 
casionally small  colors  of  gold,  but  it  is  not  probable  that  placer  mining 
would  be  profitable  in  this  region.  The  Monteses  wash  a  small  amount 
of  gold  from  the  gravel  in  the  bed  of  the  Cagayan  River  and  from  the 
small  swales  and  gullies  in  the  conglomerate  where  the  elements  have 
concentrated  the  gold,  which  doubtless  occurs  in  small  quantities  through- 
out the  conglomerate  beds.  The  gravel  beds  of  the  Cagayan  River  are 
extensive  and  they  have  never  been  thoroughly  tested.  It  is  possible,  but 
hardly  probable,  that  they  contain  gold  in  paying  quantities. 

Copper  has  been  reported  from  Maniqui,  and  several  short  tunnels 
have  been  run  in  the  effort  to  disclose  deposits  of  copper  ore,  but  ap- 
parently without  success.  Small  pieces  of  the  copper  carbonates,  mala- 
chite and  azurite,  occur  as  float  and  in  small  stringers  in  the  andesite, 
but  it  is  believed  that  no  lode  or  deposit  of  value  has  ever  been  found. 


30 

Back  of  Agusan  and  Tagaloon,  the  conglomerate  beds  are  continuous  to 
the  Mangima  River  which  flows  into  the  Tag^loon  some  12  miles  from 
the  coast. 

Between  the  Mangima  and  the  Kalaman,  another  brancli  of  the  Taga- 
loon,  is  a  small  mountain  composed  of  schist  capped  with  300  to  400  feet 
of  limestone.  The  schist  beds  strike  northeast  sloping  15°  to  35°  to  the 
southeast  and  the  limestone  is  unconformable  with  it^  but  also  slopes 
slightly  to  the  southeast.  Many  small  stringers  of  quartz  are  to  be  seen 
in  the  schist,  but  none  were  observed  more  than  a  foot  in  width.  The 
quartz  is  not  mineralized. 

Gold  colors  were  obtained  by  w^ashing  the  sands  of  the  MaiTgima,  but 
aside  from  surface  washings  no  attempt  was  made  to  test  the  gravel. 
The  stream  is  swift  and  the  gravel  contains  many  large  bowlders,  so  that 
the  working  of  any  deposit  on  a  commercial  scale  would  be  difficult. 
However,  there  is  a  possibility  that  workable  veins  of  gold-bearing  quartz 
occur  on  the  western  slope  of  this  mountain. 

The  table-land  of  conglomerate  beds  continues  beyond  tlie  Calaman, 
but  at  the  crossing  of  a  small  branch  of  the  Atugon  River,  called  Tabalo 
Creek,  the  deep-seated  underlying  rock  is  exposed.  It  is  a  dark  colored, 
coarse-grained  porphyry  containing  phenocrysts  of  mica  and  of  feldspar 
up  to  one-half  inch  in  length.  A  short  distance  southeast  of  this  place 
the  Atugon  River  falls  over  a  cliff  50  to  70  feet  high,  formed  of  columnar 
basalt. 

The  Suaga  River  flows  through  a  small  canon  of  solid  basalt  at  Oro- 
quieta,  commonly  known  as  Malaybalay,  the  capital  of  the  subprovince 
of  Bukidnon.  Flow  lines,  scoriaceaous  material,  and  columnar  structure 
are  all  absent.  Shale  appears  in  the  hills  about  a  mile  east  of  Oro- 
quieta.  Only  basaltic  bowlders  were  observed  from  Oroquieta  to  8e- 
villa  on  the  bank  of  the  Pulangui ;  but  there  is  little  doubt  but  that  the 
underlying  rock  is  solid  basalt  derived  from  Mount  Katunlod. 

The  mountains  to  the  westward  of  the  Suaga  and  the  Pulangui  Rivers 
are  of  an  entirely  different  character,  being  rough  and  irregular  in 
outline  and  covered  with  a  heavy  growth  of  timber.  Mount  Panacion, 
situated  2  miles  southeast  of  Linabo,  is  composed  of  andesite-porphyry 
capped  with  300  to  400  feet  of  unstratified  limestone.  Limestone  cliffs 
are  visible  farther  to  the  southeast  and  from  the  evidence  presented  by 
bowlders  in  the  Pulangui  and  the  appearance  of  the  hills  themselves,  it 
is  believed  that  a  large  part  of  the  territory  drained  by  the  headwaters 
of  the  Pulangui  consists  of  andesite-porphyry  and  deep-seated,  igneous 
rocks,  overlain  in  places  by  limestone. 

The  gravel  beds  along  the  Pulangui  River  are  extensive  and  so  far  as 
could  be  ascertained  they  are  well  adapted  to  dredging  operations.  Prom- 
ising colors  were  obtained  by  washing  the  surface  gravel  near  Sevilla 
in  a  gold  pan.     It  is  believed  that  these  gravel  beds  are  worthy  of  careful 
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investigation  by  prospectors  wlio  Jiavo  testing  niaeliines  or  are  ei|iiippecl 
to  sink  test  pits. 

The  headwaters  of  this  river  also  aftord  a  virgin  field,  since  no 
prospector  or  miner  has  ever  been  known  to  visit  the  R»gion.  0 old  is 
known  to  occur  in  the  river  gravels,  and  the  nx'k  is  of  a  nature  favorable 
for  the  foruiation  of  mineral  deposits.  At  the  prc^sent  time  transporta- 
tion is  a  difficult  problem,  but  it  is  expected  that  a  wag(m  road  will  soon 
be  constructed  from  Agusan  to  the  Pulangui  River. 


EXIIIHIT  B. 

MINING  PROSPECTS  ON  AND  NEAR  THE  ZAMBOANQA 
PENINSULA,  MINDANAO. 

By  Warren  D.  Smith. 

BUIKF  SUMMARY  OF  THE  GliOLCXn'. 

Up  to  the  present  time  we  have  been  indebted  to  the  famous  traveler 
and  geographer,  Ferdinand  V.  Kichthofen,  recently  dc»cea«i'd  in  Berlin, 
for  all  we  know  of  the  geology  of  this  particular  part  of  the  world.  Von 
Richthofen's  contril)uti(m  to  the  geology  consisted  chiefly  in  the  finding 
of  nummulitic  (Eocene)  limestone  in  a  })iece  of  "float''  in  the  neigh- 
l)orhood  of  Zand:)oanga.  The  })eriod  and  conditions  then  prevailing  in 
the  country  made  it  impossible  for  him  to  do  more.  Owing  to  even  more 
unfavorable  conditions,  Mr.  George  ¥.  l^ecker,  who  accompanit^l  Gen- 
eral Otis  in  his  military  oi)erations  in  1898,  was  jirevented  from  carrying 
on  any  geologic  studies. 

Tlie  fact  that  the  writer  has  been  able  recently  to  obtain  some  new 
data  is  due  solely  to  circumstances.  The  country  is  at  peace  and 
every  facility  of  an  extremely  efHcient  military  organization  has  been 
brought  to  aid  in  this  work.  There  are  still  many  obstacles  to  over- 
come, but  these  only  time  and  good  government  can  remedy. 

The  Zamboanga  Peninsula  owes  its  existence  to  a  sharp  bowing  up  of 
the  strata  along  a  northeasl  and  southwest  line.  Considerable  metamor- 
phism  is  to  be  found  as  a  result  of  intense,  lateral  compression,  and 
therefore  it  is  difficult  to  give  the  exact  original  succession  of  strata. 
With  the  exception  of  a  very  pronounced  development  of  schists  along 
the  axis  of  the  peninsula,  the  formations  are  almost  identical  with  those 
of  the  middle  and  northern  portions  of  the  Archipelago. 

If,  as  we  have  every  reason  to  believe  to  be  the  case,  the  coal  measures 
have  been  included  in  the  same  compressive  movements  as  those  which 
gave  origin  to  the  schists,  a  most  favorable  condition  is  at  hand  for  the 
formation  of  bituminous  coal.  The  real  structure  of  the  peninsula  is 
not  revealed  until  the  explorer  has  penetrated  10  miles  or  more  into 
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the  interior,  as  a  recent  lava  capping,  which  is  partially  cut  away  by 
the  streams  and  which  borders  the  coast,  conceals  the  foundation  rocks. 

At  this  stage  of  mineral  exploration  in  the  Zamboanga  Peninsula, 
which  may  be  said  to  be  but  scarcely  begun,  there  are  only  two  subjects 
which  warrant  mention;  these  are  the  Sibuguey  coal  deposit  and  the 
Tumaga  gold  prospect.     I  shall  discuss  the"^latter  first. 

Tumaga  River  gold  prospect. — Gold  has  been  found  about  25  miles 
north  of  Zamboanga.  It  is  encpuntered  in  a  sticky,  yellow  clay,  the 
upper,  weathered  portion  of  the  underlying  schists,  but  apparently  only 
in  very  moderate  quantity.  Its  original  situation  was  the  quartz  string- 
ers in  the  schist.  No  veins  large  enough  to  work  have  been  located. 
The  only  apparently  profitable  method  of  working  such  placer  ground 
would  be  by  hydraulic  means,  and  as  the  city  of  Zamboanga  is  at  present 
and  probably  will  for  some  time  to  come  be  dependent  upon  this  river 
for  its  water  supply,  there  would  undoubtedly  be  serious  objections  to 
this  mode  of  procedure. 

Three  or  four  Zamboanga  prospectors  sluiced  very  industriously  in 
this  region  for  over  a  year,  but  apparently  did  not  secure  a  great  deal 
to  repay  them.  Prospecting  for  a  main  lode  should  be  continued,  but 
placer  ground  should  be  sought  nearer  the  mouths  of  the  streams,  where 
dredging  might  be  done.  For  some  time  to  come  all  thought  of  ac- 
complishing much  in  the  interior  of  the  peninsula  will  need  to  be  given 
up,  owing  to  absolute  lack  of  roads  and  to  the  topographic  conditions 
which  will  make  their  building  extremely  costly. 

The  Sibuguey  coal  deposit. — Although  not  strictly  on  the  Zam- 
boanga Peninsula,  the  coal  deposits  on  the  Sibuguey  Eiver  are  suf- 
ficiently close  to  be  considered  here.  A  complete  inspection  of  the 
deposits  could  not  be  made  in  a  short  time,  but  enough  was  seen  to  show 
that  exceptionally  favorable  conditions  obtain  in  this  locality,  and  it  is 
thfe  intention  of  the  mining  division  to  carry  on  a  thorough,  detailed 
examination  of  this  deposit  as  soon  as  a  party  is  available.  All  that 
can  be  said  now  is  that  for  outcrop  coal,  that  of  Sibuguey  has  better 
appearance  than  any  other  so  far  found  in  the  Archipelago  which  has 
been  investigated  by  the  division  of  mines. 

Water  transportation  to  the  mine  mouth,  a  distance  not  exceeding  13 
miles,  is  perhaps  the  next  most  favorable  condition.  The  topography 
of  the  country  is  very  regular  and  with  little  relief,  and  the  elevation 
above  sea  level  not  over  150  feet.  The  seams  have  a  westerly  inclina- 
tion, varying  from  23°  to  45°.  Timber  is  plentiful  in  the  neighborhood 
of  the  workings.  Perhaps  the  least  favorable  feature  is  the  matter  of 
an  anchorage.  A  more  careful  survey  of  the  bay  may  reveal  suitable 
moorings  for  ships  while  loading. 

It  is  not  improbable,  to  judge  from  the  nature  of  the  geology  of  the 
Zamboanga  Peninsula,  that  a  very  good  bituminous  coal  will  be  found 
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nearer  Zaniljoani^a,  and  it  is  not  entirely  without  the  bounds  of  pos- 
sibilities that  anthracite  may  one  day  be  discovered.  The  formation  of 
anthracite  is  not  altogether  dependent  upon  age,  but  is  also  largely  the 
result  of  the  degree  of  metamorphisni,  the  chief  factors  of  which  are 
[)ressure  and  heat.  It  can  be  seen  even  from  a  very  cursory  examination 
of  the  formations,  that  the  metamorphism  of  tlie  roi^ks  in  this  region 
has  been  very  intense. 


Exhibit  V, 

SUMMARY  OF  THE  CHIEF  CHARACTERISTICS  OF 
PHILIPPINE  ORES. 

By  Warren  I).  Smith. 

Up  to  this  time  very  little  has  been  said  concerning  the  character  of 
Philippine  ores,  if  we  except  scattered  notes  and  reports.  One  reason 
for  this  is  that  even  now  very  little  is  known.  In  order  to  present  the 
question  in  concrete  form,  I  shall  briefly  state  some  of  the  more  im- 
portant features  connected  witli  Philippine  ore  deposits  as  we  now  know 
them.  The  chief  copper  ores  are  those  of  Lepanto,  Luzon.  They  are 
sulpharsenates.  Tliere  appear  to  be  no  appreciable  amount  of  sulphides 
in  the  workings  so  far  as  can  be  ascertaincnl  at  the  prcisent  time.  Than*, 
are  indications  that  the  enargito  is  due  to  seijondary  enri(;hment. 

The  veins  are  more  or  less  irregular.  The  chief  gangue  mineral  is 
quartz.  The  gold  which  comes  from  this  region  is  probably  associated 
with  pyrite,  which  is  present  in  greater  or  less  quantity.  The  veins  are 
thought  to  be  due  to  contraction  in  the  cooling  mass  of  trachyte,  where 
they  are  now  Found,  and  they  are  not  considered  to  be  typical  fissure 
veins. 

The  gold  ores  in  tlje  Benguet  region  are  partially  free  milling,  but  for 
the  most  pail  refractory.  The  cyanide  process  is  being  used  at  one 
mine,  but  there  are  certain  local  features  which  will  necessitate  slight 
modifications  to  suit  special  conditions.  One  trouble  experienced  in 
amalgamation  in  both  Benguet  and  Masbate  is  the  presence  of  oxides 
of  manganese.     These  cause  no  inconsiderable  annoyance. 

The  ore  relations  in  both  Benguet  and  Lepanto  point  to  deposition 
from  ascending  water  and  in  Benguet  several  promising  properties  are 
locjated  along  the  contact  between  the  basalt  diorite  and  the  andesitic 
extrusives.  It  is  fully  expected  that  future  geologic  work  in  the  district 
will  establish  some  definite  relations  which  will  be  of  very  practical  value 
to  the  mining  men.  In  Benguet,  no  system  of  fissuring  has  so  far  been 
worked  out  and  this  will  be  one  of  the  first  features  of  the  work  to  be 
Undertaken  there. 

However,  in  Masbate,  a  very  regular  series  of  parallel  fissure  veins 
has  been  noted  and  these  are  now  being  mapped  on  an  accurate  topo- 
grai)hic  map.  These  veins  have  a  northwest  and  southeast  course  across 
68546 3 
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the  country.  They  are  generally  faulted  along  one  contait.  Breceiation 
and  later  mineralization  have  been  noted  as  quite  common  in  the  district. 

We  have  in  the  Philippines  great  quantities  of  black  sand,  which  is 
found  to  contain  hornblende,  pyroxene,  magnetite,  ilmenite,  nitile,  plat- 
inum in  small  quantities,  and  not  inconsiderable  percentages  of  gold. 
The  gold  is  free,  but  in  so  finely  divided  a  state  that  the  method  of 
recovery  will  be  largely  a  physical  one.  l^]xperiments  are  now  being 
carried  on  here  by  the  chemical  division,  and  in  tlie  field  some  New 
Zealand  operators  are  studying  this  material. 

Tellurium  was  identified  by  this  division  some  time  ago.  It  is  said 
by  a  reputable  engineer  of  Benguet  Province  to  occur  in  the  charac- 
teristic form  which  it  assumes  in  Colorado;  that  is,  in  fine  streaks  and 
stringers,  irregular  in  the  gangue.  There  does  not  seem  as  yet  to  i)e 
any  very  important  development  of  this  mineral.  It  is  very  interesting 
to  note  that  just  adjoining  the  telluride  zone,  which  is  of  very  limited 
dimensions,  a  ^-foot  vein  of  ore  assaying  as  high  as  $50  to  the  ton  has 
been  observed  on  one  claim. 

Silver  in  particularly  noteworthy  (juantity  has  not  yet  been  found. 
Although  some  free  silver  is  reported  from  Lepanto,  most  of  the  metal 
which  was  known  in  Spanish  days  came  in  argentiferous  galena. 

These  are  the  bald  statements  of  the  facts  as  we  now  know  them. 
It  would  be  decidedly  premature  to  discuss  theui  more  in  detail  in  the 
present  state  of  our  knowledge  of  the  field  and  its  problems. 


Exhibit  D. 

SUMMARY  OF  THE  CHIEF  CHARACTERISTICS  OF 
PHILIPPINE  COALS. 

-  By  Alvin  J.  Cox  {from  the  Chemical  Laborntory,  Bureau  of  Science,  Manila,  P.  I.). 

The  subject  of  Philippine  coal  is  of  great  importance  to  these  Islands. 
Although  coal  occurs  so  abundantly  in  this  Archipelago,  Philippine  coal 
is  used  only  sparingly  as  a  fuel.  It  has  been  employed  on  the  small  vessels 
plying  along  the  coast  with  fairly  satisfactory  results,  but  largely  owing 
to  the  imdeveloped  condition  of  the  mines  and  the  difficulty  of  trans- 
portation, it  has  come  very  little  into  competition  with  the  coal  imported 
from  Japan  and  Australia.  As  a  result,  the  development  of  commercial 
industries  is  handicapped  by  the  high  price  of  fuel.  In  view  of  this 
fact  efforts  have  been  made  to  foster  coal  production  in  the  Islands. 
Mr.  W.  D.  Smith  ^  has  made  geologic  studies  of  some  of  the  more  im- 
portant coal  fields  and  I  ^  have  investigated  the  quality  and  means  of 
utilization  of  the  coal  from  as  many  representative  sources  as  could  be 
obtained. 

'Bull  Min.  Bur.,  Mamla  (1906),  5;  Phil.  J.  Sc,  Sec.  A,  Oen.  8ci.  (1907), 
2,  377. 

""Phil,  J,  Sc,  (1906),  1,  877;  ibid.,  8ec.  A,  Oen.  Sci.  (1907),  2,  41  and  400. 
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The  oldest  and  largest  depofiits  of  Philippine  ooal  known  are  on 
Batan  Island,  C'ebu  and  Polillo,  although  coal  occurs  in  greater  or  less 
quantity  in  Negros,  Mindoro,  Masbate,  Sanmr,  Surigao,  Zamboanga, 
Tayabas,  Hizal,  Lepauto-Bontoc*,  Nueva  Vizeaya,  etc. 

The  Philippine  coal  deposits  resendde  those  of  black  lignite,  but  are 
superior  to  the  ordinary  lignite  in  ever}*  resf)ect.  It  is  rather  the 
exception  for  these  coals  to  have  a  brownish  color  and  they  seldom  show 
a  woody  structure.  In  appearance  they  are  usually  bla(»k  and  shiny, 
much  resembling  bituminous  coal,  but  generally  have  a  slightly  lower 
calorific  value  than  the  lattt^r.  On  the  other  hand,  they  have  a  much 
higher  calorific  value  than  ordinary  brown  lignite.  The  name  "sub- 
bituminous''  l)e8t  deFcril)es  this  coal  since  it  conveys  the  most  accurate 
idea  of  its  nature  and  value.  So  far  as  is  definitely  known,  all  I  Philippine 
coals  are  noncoking.  Although  I  have  investigated  coals  from  every 
available  authentic  source,  not  a  single  sample  of  coking  coal  has  l>een 
found  among  them.  A  few  samples  from  time  to  time  have  shown  in- 
ci{)ient  coking  and  recently  one  said  to  be  from  near  Cebu,  Cebu,  has  been 
brougbt  in  wiiich  gives  a  coke  having  the  appearance  of  being  of  good 
(juality.  This  may  be  the  beginning  of  a  sufficient  supply  and  perhaps 
in  the  deeper  beds  coking  coal  may  be  abundant.  The  importance  of 
such  a  discovery  will  at  once  be  recognized  when  it  is  remembered  that 
both  iron  and  copper  occur  in  the  Philippines.  1  have  tritnl  to  make 
coke  from  the  inci|)ient  coking  coal  by  variously  treating  it  with  heavy 
hydrocarbon  compounds,  but  without  success. 

The  (juality  of  the  Philippine  coal  will  be  shown  by  the  following 
representative  analyses : 

Tablk  1. — Representative  anatyses  of  Philippine  eoal.* 
[Figures  give  percentages. J 


Source. 


Batan  I.sland: 

Bett'8 

Military  reservation 
Cebu: 

Near  Carmen 

Compofitela___ 

Danao  „ _ 

Polillo__._ _.._ 

Negros  ._ 

Mindoro ._ _. 

Samar __ 


Moisture. 

Volatile 
combusti- 
ble matter. 

15.41 

39. 46 

7.44 

35.26 

16.70 

Si).  10 

8.60 

36, 95 

9.97 

37.94 

5.90 

39.29 

16.90 

35.44 

15.35 

46.26 

15.24 

4.5.38 

Fixed 
carbon. 

Ash. 

Sulphur. 

41.01 

4.12 

0,22 

44.81 

2.49 

0.25 

43.92 

4.28 

0.67 

51.75 

2.70 

0.71 

46.29 

5.80 

0.8 

48.82 

6.00 
14.29 

84.87 

0.99 

32.24 

6.15 
3.02 

86.36 

*  These  analyses  were  made  by  the  "smoking-oif  method."  {Phil.  J.  Ho.,  Sec. 
A.  Oen.  8ci.  (1907),  2,  41.)  The  empirical  methods  usually  employed  for  the 
analyses  of  coals  are  not  applicable  to  those  of  the  Philippines,  owing  to  certain 
peculiarities  of  the  latter.  The  analyses  as  carried  on  by  the  "official  method'* 
(J.  Am.  Chem.  Hoc.  (1899),  21,  1116)  indicate  Philippine  coal  to  be  of  a  much 
poorer  quality  than   is  actually  the  case. 
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Barring  diluents,  water,  ash,  and  sulphur,  it  is  surprising  what  a 
general  uniformity  there  is  in  all  l^hilippine  coal  and  this  fact  suggests, 
if  no  other  reason  were  apparent,  that  it  was  all  bedded  under  about  the 
same  conditions. 

How  best  to  utilize  the  coal  deposits  of  this  country  is  a  question  which 
has  long  attracted  attention ;  however,  but  little  progress  has  been  made 
toward  its  solution.  I  am  at  present  carrying  on  some  actual  steaming 
tests  under  the  boiler  with  as  iriany  coals  as  are  available  from  repre- 
sentative sources.  These,  although  not  in  all  cases  wholly  satisfactory, 
are  encouraging.  They  were  all  compared  with  Australian  coal  pur- 
chased by  the  Bureau  of  Supply  on  Circular  Proposal  No.  248,  and  used 
as  a  fuel  by  this  Bureau.  This  coal  is  ''double  screened  and  picked 
twice/'  The  contract  price  delivered  at  Manila,  piled  in  the  coal  sheds 
and  yards  of  the  Civil  (iovemment  is  1^=10.75  per  ton  of  2,240  pounds. 

In  considering  the  following  data  it  must  be  remembered  that  the 
samples  of  Philippine  coal  were  used  as  they  came  from  the  mine  and 
were  neither  screened  nor  picked. 

Table  2. — Steaming  tests  of  Philippine  compared  with  Australian  coal  as  unit)/. 

[Figures  give  percentages.] 


Outcrop 

coal  from 

Batan 

Island. 


Coal  field 

of  Dauao, 

Cebu. 


Military 
reserva- 
tion, Batan 
Island. 


Theorical  heat  value  as  determined  in  the  calorimeter G9 

Actual  steaming  value  when  burned  under  the  boiler 68 

Efficiency  from  the  standpoint  of  the  actual  heat  value 91 


911  ' 

92  i 


.H5i 

fit; 


The  loss  of  heat  in  the  use  of  the  Philippine  coal  was  for  the  greater 
part  through  the  smokestack,  although  a  certain  amount  was  due  to  line 
coal  falling  through  the  grate.^     The  following  data  will  show  these  facts : 

Table  3. — Flue  temperature  when  various  coals  ivere  burned, 
[Degrees  centigrade.] 


Average.... 
Maximum. 
Minimum  . 


Australian 
coal. 


360  : 

436 

330 


Bat4in 
Island 
coal. 


Military 
Danao      '    reserva- 
(A  i>u  coal.  I     jgj^^^ 
'  coal. 


440  1 

3S9  1 

413 

504  i 

454  ! 

468 

400  1 

i 

391  i 

1 

385 

*  There  is  an  exception  in  the  case  of  the  sample  from  the  military  reservation, 
Batan  Island.  This  sample  had  evidently  lain  in  the  tunnel  since  the  shutting 
down  of  the  mine  a  few  years  ago  and  was  throughly  silted  over,  whereby  the 
normal  ash  content  of  the  coal  was  certainly  increased  6  or  7  per  cent.  It  clink- 
ered  badly  and  required  much  working  to  keep  the  grate  free. 

There  was  a  consequent  loss  of  heat. 
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Table  4. — Relative  loss  of  iH)mbufttible  matter  m  ash. 


Aiwlralian       S?!^?i  Daimo, 

I      *'^*-      I      eci?       iCebuctml. 


6. 


MiUUry 

re«»rvft- 

tion'  Bataii 

iRiiind 

coal. 


i 


IK.  I 


PercenUige  of  total  refuse .-;  13.8 

Peroentagoof('oiiibustiblematt4?r  lnt<>tal  refuReJ  22.32! j  28. »  !         86.5 

Percentage  of  combustibK' matter  of  coal  lo«t..-j  LVl  \  •4.5  i  l.H  i  6.H8 


•EHlJniatCMl. 

It  ha.s  several  times  been  repoitetl  to  nie  that  Philippine  coal  burns 
exceedingly  well  when  mixed  witli  a  certain  proportion,  say  30  per  cent, 
of  Australian  coal  or  even  slack.  This  condition  would  be  anticipated. 
The  effect  is  probably  entirely  })hysical.  The  Australian,  which  is  a 
coking  coal,  would  help  to  sinter  together  iUid  retard  the  escape  of  the 
light  particles  of  the  iioncoking  native  coal,  until  conbustion  could  l>e 
effected  in  the  range  of  the  water  heating  surface  of  an  ordinarily  con- 
structed boiler. 

The  comparison  of  the  theoretical  and  the  actual  ratios  in  Table.  2  is 
very  satisfactory  when  all  the  facts  are  lonsidertnl.  The  fuel  was  all 
fired  in  the  gridiron-grate  furnace  of  this  Bureau,  for  which  the  usual 
fuel  is  Australian  coking  coal;  in  fact  it  is  especially  suited  to  and 
designed  for  the  consumption  of  coal  of  this  class.  It  is  probable  that 
a  more  satisfactory  grate  could  be  useil  for  native  coal  and  L  am  con- 
vinced that  a  saving  would  follow  by  the  use  of  a  different  style  of  furnace. 
Without  doubt  much  can  be  done  in  furnace  construction  by  securing 
the  proper  firebox  and  grate  to  insure  more  complete  combustion  of  tho 
coal  and  more  perfect  abstraction  of  the  heat  from  the  hot  gases.  A  fur- 
nace with  a  short  firebox,  planned  for  a  high-grade  steaming  coal  which 
burns  with  a  short,  hot,  smokeless  flame,  is  entirely  unsuited  to  Philip- 
pine coal.  The  firebox  must  be  greatly  lengthened,  or  else  a  considerable 
portion  of  the  fuel  value  of  the  volatile  combustible  matter,  which  ap- 
proaches 50  per  cent,  will  be  lost. 

It  is  worthy  of  mention  that  few  of  the  Philippine  coals  form  clinker, 
generally  they  are  easily  fired  and  burn  well.  This  was  the  characteristic 
t^nor  of  the  reports  of  the  officers  in  charge  of  the  United  States  Army 
transports  Chukong,  Sacramento ,  and  Palawan^^  when  trials  were  made 
of  the  coal  from  Batan  Island. 

Granting  the  usefulness  of  Philippine  coal  for  steaming  purposes 
there  are  other  points  to  consider,  namely,  the  economy  and  the  preserva- 
tion of  the  supply.  In  developing,  opening  up  and  working  the  mines 
there  is  always  a  large  amount  of  outcrop  coal  and  slack  that  is  unsuited 
for  steaming  purposes  and  which  for  sake  of  economy  should  be  used. 


•Bm«.  Min.  Bur.  Manila  (1906),  5,  47  et  seq. 
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Recently  cxperimentB  with  a  prmlucer  gas  plant  ^  have  given  unusually 
promising  results.  It  was  at  first  thought  impossible  to  use  poor  coaln 
in  a  gas  producer  to  develop  gas  for  a  gas  engine,  but  lignites  worked 
well  and  the  gas  had  as  high  a  cah)rifie  value  as  that  from  any  other 
coal  which  was  used. 

Mr.  M.  U.  Campbell,**  a  member  of  the  committee  in  charge  of  the 
producer  experiment  says:  "In  every  case' the  power  produced  by  one 
|jl)und  of  coal  in  the  producer  is  many  times  the  power  produced  by  the 
same  amount  of  coal  in  the  steam  plant.  The  ratios  of  these  results 
run  from  1.9()  to  :i34;  that  is,  the  very  best  West  Virginia  coal  yielded 
practically  thiee  and  one-third  times  the  auiount  of  power  when  used  in 
the  producer  that  it  did  in  the  steam  plant,  and  the  very  poorest  coal 
yielded  in  the  producer  ])ractically  double  the  amount  of  power  that  it 
did  in  the  steam  plant." 

The  committee  in  charge  remark "  that  a  simple  engine  was  used  in 
making  the  boiler  tests.  The  efficiency  of  these  tests  might  have  been 
increased  by  substituting  a  comj)ound  engine:  but  the  fact  must  not  l)e 
overlooked  that  there  is  even  a  greater  chance  of  increasing  the  eflhciency 
by  improving  the  gas  engine,  whicli  is  still  new  and  unperfectcnl. 

The  gas-j)roducing  power  of  the  I*hilippine  coals  ^"  has  been  studied 
and  while  not  always  equal  to  that  of  American  bituminous  coal  in 
(piantity,  the  (piality  is  in  most  cases  fairly  good.  It  probably  would  not 
be  profitable  to  use  these  coals  in  the  production  of  illuminating  gas,  for 
usually  the  most  important  factor  in  this  process  is  the  by-product,  coke. 

The  leport  of  the  coal-testing  })lant  of  the  United  States  Geological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  11)04,  gives 
a  very  pleasing  outlook  to  the  possibilities  of  producer-gas  operations 
and  there  is  probably  no  doubt  but  that  Philippine  coals  are  most  ad- 
mirably adapted  to  use  in  a  ])roducer  plant.  Physically  they  are  ideal  to 
handle.  They  are  noncoking,  they  do  not  swell,  they  burn  steadily,  form 
very  little  clinker,  and  the  ash  would  easily  be  removed  automatically. 
Since  the  (piantity  of  ash  in  a  producer  plant  is  of  no  nuiterial  con- 
secpience,  it  seems  likely  that  dirty  coal  could  be  used  in  this  way  to 
great  advantage.  It  is  also  probable  that  the  outcro])  coal  and  slack 
em})loyed  in  a  prmlucer-gas  plant  may  beccmie  a«s  valuable  a.s  the  best 
grades  of  coal  used  in  a  steam  plant,  or  perhaps  even  succeed  the  steam 
plant  altogether  for  stationary  work. 

With  a  satisfactory  scheme  for  the  utilization  of  the  upper  and  j)oorer 
grade  of  coal,  the  mines  can  successfully  be  operated  and  the  deeper  coal 


'  V,  ti,  a,  »S'.,  /'.  I\  Ji8  (190()),  3. 
''Kconomic  (ieoL   (1907),  2,  287. 
»  U.  8.  G.  8.,  l\  P.  -^8  (190«),  3,  1324. 
'»/>/n7.  J.  8c.,   (lOOC)),  1,  877. 
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can  1)0  usihI  for  stcainintr,  whore  a  jinMliuvr  ^rH*^  plant  ami  <(as  t»ngine  are 
iiiipracticabk'.  For  tlio  production  of  power,  the  utilization  of  our  low- 
^rade  and  outcrop  coal  for  producer  pis  seems  extremely  promisin^ij. 

This  Bureau  Iiojh's  to  estahlisli  a  trial  plant  at  no  distant  dat^'  and 
when  it  is  in  opeiation  we  can  add  very  definite  data  to  our  present 
information.  It  is  hoped  that  such  a  plant  can  compete  with  the  hest 
steam  })lant  and  i^|)ecially  that  it  can  burn  successfully  the  shu*k  »uid 
waste  products  which  are  not  utilizahle  for  steaming  |)urposi*s. 

o 
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INTRODUCTION. 


In  1907  the  gold  production  for  the  Philippine  Islands  amounted  to 
only  $78,000,  which  was  indeed  small,  however,  it  marked  only  the  begin- 
ning of  the  industry.  We  who  were  on  the  ground  had  faith  in  the 
country  and  what  it  could  produce.  It  was  a  different  matter  with 
those  outside  the  Philippines  to  whose  ears  there  came  year  after  year 
reports  of  failure.  Besides,  we  had  inherited  a  host  of  troubles  from 
the  days  of  the  Spanish  regime.  The  man  to  whom  we  appealed  asked 
not  for  opinions,  not  for  excuses.  He  wanted  results.  We  could  not 
point  to  them  then.  Therefore,  it  is  with  extreme  satisfaction  that  we 
can  now  show  these  results;  point  to  the  facts.  In  1908  the  gold  produc- 
tion amounted  to  over  $200,000,  a  gain  of  over  100  per  cent. 

Before  our  coal  deposits  were  opened  up  there  were  many  who  pre- 
dicted many  difficulties,  both  in  mining  and  in  using  the  coal.  The 
fact  remains,  however,  that  the  coal  is  being  mined,  mined  cheaply, 
and  is  being  used  by  over  a  score  of  interisland  trading  vessels.  The 
production  at  the  beginning  of  1907  was  almost  nil,  toward  the  end  of 
the  year  it  amounted  to  25  tons  a  day,  at  the  present  time  it  is  60,  and  it 
is  planned  very  soon  to  increase  the  output  to  150  tons,  owing  to  the  fact 
that  a  large  amount  of  development  work  has  been  done  in  one  of  the 
mines.  The  Government  coal  mine  is  producing  at  the  present  time  80 
tons  a  day. 

One  very  regrettable  feature  about  the  mining  situation  in  these  Islands 
is  the  fact  that  so  few  of  the  better  class  of  Filipinos  take  any  interest 
in  the  development  of  the  mineral  resources  of  their  own  country.  It  is 
true  the  semiwild  Igorots  of  north-central  Luzon  mine  and  smelt  copper 
on  a  small  scale,  and  hundreds  of  natives  in  various  parts  of  the 
Islands  are  engaged  in  desultory  panning  for  gold.  It  is  also  true  that 
the  only  iron  furnace  in  operation  in  the  Philippines  is  owned  and  nm 
by  a  Filipina  woman.  With  these  exceptions,  the  Filipino  people  are 
almost  absolutely  ignorant  about  mining  and,  what  is  worse,  seem  to  be 
apathetic  in  regard  to  it. 

It  would  be  far  better  for  the  country  politically  and  industrially  if 
some  of  the  bright  Filipino  youths  who  are  sent  to  the  United  States  for 
education  could  be  induced  to  take  up  courses  in  mining  and  engineering 
chemistry,  and  on  their  return  place  themselves  as  apprentices  in  some 
company,  beginning  with  the  most  nienial  work.    We  can  not  expect  the 
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Filipino,  with  his  peculiar  Malay  temperament  and  past  education,  to 
take  kindly  to  this  sort  of  work  at  first,  but  we  are  not  without  hope 
that  some  day  he  will  demonstrate  that  he  can  do  it. 

Many  surprises  in  regard  to  the  Filipino  as  a  laborer  have  been 
aflforded  us.  If  he  can  only  be  protected  from  the  unscrupulous  labor 
leader,  he  will  get  along  very  well. 

Our  system  of  collecting  mining  statistics  has  this  year  worked  entirely 
satisfactorily,  the  mining  men  cooperating  in  every  way. 

Regarding  the  mining  laws  there  is  little  new  to  be  said.  The  bill 
providing  for  certain  changes,  notably  in  sections  33,  56,  and  75,  went 
before  the  Congress  of  the  United  States  last  year,  but  was  referred  to 
committee  and  got  no  farther.  It  is  sincerely  hoped  it  will  be  revived. 
In  this  connection  another  point  should  be  referred  to,  namely,  the  fact 
that  neither  the  present  nor  the  amended  bill  provides  for  any  location 
work.  As  a  result  of  this  oversight  there  are  many  good  claims  absolutely 
held  up  by  persons  who  either  can  not  or  will  not  do  any  work  on  the 
properties,  and  prevent  others  who  might  do  something  from  having  even 
an  opportunity  to  do  so.  It  is  believed  that  some  provision  like  that 
in  the  Colorado  law  whicli  requires  that  "before  filing  such  location 
certificate,  the  discoverer  shall  locate  his  claim  by  first  sinking  a  discovery 
shaft  upon  the  lode,  to  the  depth  of  at  least  10  feet  from  the  lowest  part 
of  the  rim  of  such  shaft  at  the  surface,^'  would  do  much  to  mitigate 
this  evil. 

Further  recommendations  might  very  appropriately  be  made  at  this 
time,  as  follows: 

First,  and  perhaps  most  important,  is  the  crying  need  for  permanent 
and  accurately  located  monuments  on  the  old  mining  concessions.  It  is 
almost  impossible  in  some  districts  for  newcomers  to  find  out  just  what 
land  is  occupied  and  what  are  the  boundaries. 

Second,  we  should  like  to  see  a  Central  Miners^  Association  formed. 
There  are  now  several  local  associations  for  the  different  districts,  any 
one  of  which  would  make  a  good  pattern  for  the  central  body.  A  great 
amount  of  good  has  resulted  already  from  these  excellent  organizations. 

Third,  the  duty  on  mining  and  milling  machinery  should  be  removed. 

Fourth,  the  limitations  placed  upon  the  shipment  of  dynamite  and 
powder  over  the  railroads  of  the  Islands,  we  believe,  could  be  changed 
materially  without  risk  to  the  public  or  to  property,  and  certainly  with 
great  benefit  to  the  mining  men. 

Last,  we  recommend  that  the  capitalist  at  home  take  a  little  time  to 
look  into  the  field  here.  Is  it  not  a  little  to  our  shame  that  almost  all  the 
capital  in  the  early  days  came  not  from  America,  but  from  Americans  in 
the  Philippines  and  from  New  Zealand  ?  The  latter,  the  pioneer  dredge- 
masters  of  the  world,  have  come  here  and  found  it  worth  while,  and 
continue  to  come.     Surely  that  is  a  guaranty. 


In  every  way  the  future  of  the  mining  industry  looks  bright.  Indeed, 
we  can  say  that  the  present  is  bright.  The  way  by  which  we  hav  e  come 
has  at  times  been  dark  and  stony,  many  are  there  who  have  dropped 
beside  the  trail,  every  milestone  is  also  a  tonjbstone,  there  have  G^een 
fevers,  the  fury  of  the  elements,  and  lurking  savages  to  worry  us,  but  tihe 
march  has  continued.  We  sincerely  hoj)e  that  the  cry  in  the  wildernes:<» 
will  be  answered  from  overseas. 


THE  NONMETALLIC  MINERALS. 


By  Wabben  D.  Smith. 


FUEIiS. 

Coal, — In  1906  and  the  early  part  of  1907  rather  vigorous  exploration 
work  was  being  carried  on  in  no  less  than  five  coal  fields.  At  the  present 
time  this  activity  has  become  confined  to  the  narrow  limits  of  one  island, 
Batan,  off  the  east  coast  of  Albay,  Luzon.  We  find  here  the  coal  mine 
of  the  United  States  Army  on  the  west  end  and  on  the  east  the  Batan 
Coal  Company's  property.  The  former  is  producing  80  tons  per  day,  the 
latter  50  tons. 

There  is  a  marked  difference  in  the  coals  of  the  two  fields,  the  coal  of 
the  Army  mine  on  the  west  end  being  somewhat  better,  but  more  difficult 
to  mine,  while  on  the  east  end  it  is  just  the  reverse.  Development  work 
has  corroborated  the  prediction  made  in  1905  that  considerable  faulting 
would  be  found  on  the  west  end  of  the  island.  This  may  seriously  em- 
barrass the  operations  there.  At  any  rate,  it  will  call  for  the  most 
experienced  engineering  and  managing  ability.  As  this  work  is  a  matter 
entirely  separate  from  any  civil  or  private  enterprise,  I  do  not  feel  called 
upon  to  discuss  the  situation  further. 

An  important  feature  in  the  growth  of  coal  mining  in  the  Islands  is 
the  coaling  of  the  U.  S.  A.  transport  Dix  for  her  trip  to  Seattle.  During 
the  past  year  the  interisland  transport  Wright  has  been  using  this  coal 
with  good  results,  but  the  Dix  by  taking  on  2,500  tons  in  April  marked 
the  first  use  of  Philippine  coal  on  a  trans-Pacific  steamer. 

The  East  Batan  Coal  Company's  mine  is  the  first  one  since  the 
American  occupation  to  furnish  coal  to  the  general  market  and  the  first 
successful  coal  property  in  the  whole  history  of  these  Islands.  This  mine 
was  visited  in  March,  1909,  by  Mr.  H.  G.  Ferguson,  geologist  of  this 
Bureau,  to  whom  Mr.  Daniels,  the  superintendent,  kindly  furnished  the 
information  given  in  this  paper. 

The  property  is  situated  in  the  eastern  part  of  Batan  Island  which  is 
just  19  kilometers  east  of  the  port  of  Legaspi  in  the  southern  part  of 
Luzon. 

For  fear  that  the  charge  may  be  made  that  the  Government  is 
advertising  private  properties,  I  wish  to  state  that  this  company  is  the 
only  private  concern  operating,  and  therefore  it  can  not  be  benefited  at 
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the  expense  of  any  other.  Secondly,  we  do  not  guarantee  the  future 
welfare  of  the  property  merely  by  stating  what  has  been  done,  nor  do  we 
mean  to  place  any  official  indorsement  on  the  methods  employed.  Thirdly, 
we  believe  in  encouraging  an  infant  industry  in  every  legitimate  way 
and,  by  giving  these  facts  at  this  stage  of  the  mining  industry,  we 
believe  we  best  subserve  its  interests.  There  are  facts  here  that  are  of 
vital  importance  to  the  prospective  investor  and  to  the  mining  engineer 
who  may  be  sent  out  to  open  up  new  properties. 

This  mine  is  located  within  a  few  hundred  meters  of  the  barrio  of 
Batan  and  approximately  210  meters  from  the  sea.  The  outside  plant  in 
March,  1909,  consisted  of  one  30-horsepower  Sedgwood  double-drum 
hoisting  engine  and  boiler.  The  cars  are  hoisted  from  the  tunnel  and 
run  down  by  gravity  on  a  small  track  to  the  sea,  where  the  coal  is  loaded 
into  lighters,  in  which  it  is  conveyed  out  to  deep  water  beyond  the  reef 
to  the  ship's  side.  A  new  wharf,  91  meters  long  with  7  meters  of  water 
at  low  tide  alongside,  is  nearly  completed.  A  stock  pile  will  be  placed 
about  300  meters  from  the  wharf  end  and  will  be  located  at  about  600 
meters  from  the  tunnel.     Two  small  steam  locomotives  are  used  now. 

Coming  now  to  the  underground  work,  the  coal  seam  varies  from  1.67 
to  1.75  meters,  with  7  to  12  centimeters  clay  parting  55  centimeters 
from  the  roof,  and  dips  13°  to  the  north.  The  roof  is  a  hard,  sandy  clay 
and  stands  remarkably  well  with  only  a  slight  tendency  to  slab  off  in  the 
first  half  meter. 

There  are  two  adits  and  three  air  shafts.  The  system  adopted  is  the 
room  and  pillar,  with  the  rooms  running  up  the  dip  4.5  meters  wide  and 
90  to  120  meters  long,  with  15-meter  pillars.  The  coal  is  sometimes 
worked  15  meters  beyond  the  timbering.  The  west  gallery  is  243,  and 
the  main  tunnel  198  meters. 

Wire  haulage  is  used  in  the  main  tunnel,  but  ears  are  pushed  by  hand 
in  the  rooms.     Rails  are  soon  to  be  laid  right  up  to  the  working  face. 

The  coal  is  easily  broken  from  the  face  by  working  up  the  dip.  Coal 
cutting  machines  are  not  required.  The  coal  breaks  evenly  from  the 
clay  and  possesses  a  good  cleat.  All  sorting  is  done  underground. 
Japanese  pickers  were  originally  solely  used,  but  the  natives  have  been 
trained  and  have  been  found  entirely  satisfactory.  They  can  win  from 
5  to  7  tons  per  day.  Japanese  are  now  used  mainly  for  timbering  and 
advancing  main  tunnels. 

The  scale  of  wages  is  as  follows : 

Japanese  foremen  ?^.50 

Filipino  pickers   1.20 

Filipino  helpers   1.00 

Surface  laborers  80 
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There  was  some  difficulty  with  the  labor  at  first,  but  now  there  is  none 
The  Filipino  laborers  are  all  I^ieols  from  the  surrounding  country,  and 
have  proved  steady  workers. 

Xarra  has  been  found  to  be  the  most  satisfactory  timber  available. 

Preliminary  work  was  begun  in  October,  190G,  in  this  mine.  The 
first  shipment  of  coal  was  77  tons  in  the  bunkers  of  the  San  Junn,  The 
production  up  to  date  amounts  to  15,000  tons  approximately.  At  present 
only  one  shift  is  working,  giving  a  daily  output  of  45  tons. 

In  this  district  only  the  uppermost  seam  is  being  worked.  From  the 
general  relations  which  obtain  over  Southern  Luzon  and  the  Visayas,  I 
feel  safe  in  predicting  the  discovery  of  at  least  two  more  and  perhaps 
considerably  thicker  seams  below  this  one.  1  feel  confident  that  the 
entire  eastern  end  of  this  island  is  underlain  by  workable,  merchantable 
coal. 

A  good  feature  in  the  working  of  this  mine  is  the  absence  of  dust. 
Dust  has  been  found  to  be  one  of  the  most  potent  factors  in  mine  explo- 
sions. So  large  a  part  does  it  play  that  in  Europe  all  dry  coal  mines  are 
required  by  law  to  be  constantly  sprinkled.  Here,  of  course,  this  is  not 
necessary. 

In  order  to  show  in  as  concise  a  manner  as  possible  the  steaming  value 
of  this  coal,  I  reprint  here  the  statements  of  the  engineers  of  two  coast- 
guard cutters,  the  Bustianga  and  the  Negros. 

Relative  merits  of  Australian  and  Batan  coal  baaed  on  teats  during  ttoo  months* 
use  of  each,  cuttera  Buauanga  and  Negros. 


Miles  steamed  (two  months).. 
Tons  coal  consumed  steaming 
Total  eoet  of  coal  consumed.. - 

Cost  per  mile  steaming 

Cost  per  1,000  miles  steaming  . 


Austmlian. 

Batan. 

5,662 

5, 442 

22« 

84« 

^8,744.15 

r2, 088.00 

.66 

.88 

660.00 

880.00 

I'ompared  with  Australian  coal,  Batan  coal  burns  freer,  requires  light 
and  frequent  firing,  and  but  little  attention.  It  gives  hardly  any  soot 
in  tubes  and  connections  and  little  clinker.  It  disintegrates  very  rapidly 
after  being  spread  on  fires  and  quite  a  percentage  is  lost  if  used  on  coarse 
grates. 

It  is  seen  that  about  50  per  cent  more  of  the  Batan  coal  is  required 
for  a  given  run,  but  the  cost  is  just  a  trifle  more  than  half  that  of  the 
Australian,  so  that  when  bunker  space  is  available  a  saving  can  be  made 
by  using  Batan  coal. 
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On  Cebu  Island  the  mine  of  the  Insular  Coal  Company  was  in  opera- 
tion during  a  part  of  the  year.  At  present,  however,  the  mine  is  closed 
down,  though  the  company  is  hoping  to  reopen  it  in  the  near  future. 
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Natural  gas» — There  has  been  considerable  interest  aroused  within  the 
last  year  by  the  tapping  of  small  reservoirs  of  natural  gas  in  the  course 
of  drilling  for  artesian  water.  Two  of  these  cases  were  investigated  by 
members  of  the  staff  of  the  Bureau  of  Science  and  it  was  found  that 
only  a  small  pocket  of  gas  had  been  penetrated  and  that  the  supply  was 
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exceedingly  small  and  intermittent.  To  Mr.  Rivers,  a  well  driller  in 
the  employ  of  the  Civil  Government,  I  am  indebted  for  the  following 
notes : 


Locality. 


Struck  gHfi  I 
at- 


Meierf. 


Macabebe,  Pampanga,  Luzon 86.6 

Manalan,  Pampanga,  Luzon _-:.-  48.7 

Sto.  Tomas,  Pampanga,  Luzon '  38.1 

San  .lacinto,  Pangasinan,  Luzon 16.7 

Lingayen,  Pangaainan,  Luzon 73.16 

Ray,  Laguna _ 69.5    j 

Iloilo_-_- - 47.2 


Quantity. 



Flash 

do 

Flame  3  m.  high, 
burned  16  min- 
utes then  extin- 
guished. 

6  m.  high:  great 
force. 

Flafih 

Struck 
water  at— 

67.9 
94.6 
67 

Quantity. 

LUer»t>fr 
minme. 
288.9 
288 
454.8 

None. 

Small,    intermit- 
tent flame. 
Flash 

69.6 

22.7 

'  Well  cased  and  driven  deeper.     Work  stopped  here. 


»  Still  sinking. 


Peroleum. — Peroleum  has  been  found  in  five  places  in  the  Archipel- 
ago— three  in  Tayabas  Province,  the  other  two  on  the  Island  of  Cebu ;  one 
near  the  center  of  the  island  on  the  west  coast  not  far  from  Toledo,  the 
other  near  the  southern  extremity,  very  close  to  the  pueblo  of  Alegria. 
In  Tayabas  and  at  the  first-named  locality  in  Cebu  some  prospecting  by 
means  of  boring  has  been  carried  on,  but  as  yet  the  Alegria  field  remains 
practically  unknown.  The  oil  in  all  three  of  these  localities  is  found  in 
a  bluish  shale,  presumably  of  Tertiary  age.  Taking  up  these  prospects 
in  detail  we  shall  consider  Tayabas  first  on  account  of  its  proximity  to 
Manila. 

In  Tayabas  Province  on  the  east  coast  of  the  peninsula  south  of  San 
Narciso  Mr.  Cook  drilled  a  well  21  meters  deep  and  found  some  oil.  This 
well  is  in  the  Vigo  River  Valley.  On  the  Bayhay  River  there  is  another 
well  40  meters  deep,  belonging  to  a  different  company.  In  the  latter 
well,  which  is  about  8  kilometers  from  the  coast,  the  yield  at  the  begin- 
ning was  reported  to  be  about  190  liters  per  day.  The  well  has  a  5-inch 
bore  and  was  made  with  a  light  chum  drill. 

While  I  am  not  at  liberty  to  publish  the  entire  analysis  which  was 
made  of  a  sample  sent  in  by  a  private  person,  I  can  say  that  the  oil 
appears  to  be  of  a  very  good  grade.  It  has  a  paraffin  base  and  its  com- 
position is  very  like  that  of  the  Sumatran  oils. 

In  Cebu,  near  the  town  of  Toledo  and  about  3  miles  from  the  coast 
and  just  at  the  edge  of  the  foothills,  are  located  two  wells,  the  first  to  be 
sunk  in  the  Philippine  Archipelago.     These  are  located  on  the  sugar ' 
estate  of  Smith,  Bell  &  Co.    These  wells  are  sunk  in  shaley  strata  (in 
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all  likelihood  similar  to  the  fonnation  in  I'ayabas)  to  the  depth,  re- 
spectively, of  244  and  344  meters.  Very  fair  shows  of  oil  have  been 
reported  from  these  wells  in  former  years,  but  at  present  all  operations 
have  been  suspended  in  the  district.  In  fact,  nothing  has  boon  done  in 
this  field  since  the  outbreak  of  hostilities  in  1897,  and  when  the  writer 
visited  the  field  he  found  the  wells  choked  up  with  abaca  stalks  and  other 
refuse  material,  said  by  the  natives  to  have  been  placed  there  i)y  insur- 
rectos.  The  elevation  of  the  surface  at  these  wells  is  23  meters  above 
sea  level.  There  was  only  one  derrick  standing.  It  was  approximately 
18  meters  high,  the  borings  were  3  inches  and  the  casing  6  inches.  The 
strike  of  the  strata  is  N.  83°  W.  dip  73°  to  the  south  (these  figures  are 
taken  from  the  report  of  the  engineer  who  first  examined  the  field). 
The  drill  gear  and  derrick  are  from  Messrs.  Islers,  London. 

About  2  kilometers  from  the  oil  well  is  an  outcrop  of  coal  which  in 
former  years  was  worked  to  some  extent,  but  now  is  entirely  abandoned. 
From  a  hasty  reconnaissance  of  the  country  it  is  my  opinion  that  the 
strata  are  less  disturbed  in  this  portion  of  the  island  tban  on  the  eastern 
side  of  the  Cordillera  or  to  the  south,  in  the  vicinity  of  the  Alegria  oil 
field.  It  is  the  intention  of  the  Division  of  Mines  to  undertake  a  more 
detailed  survey  of  this  region  at  an  early  date,  with  a  view  to  the  rapid 
delimitation  of  the  coal  and  the  oil-bearing  horizons. 

At  Alegria  the  oil  is  found  at  an  elevation  of  350  meters  on  the  Malbog 
Creek,  about  3  kilometers  in  a  straight  line  from  the  coast.  At  441 
meters  a  bed  of  poor  brown  lignite  is  found.  The  strata  here  dip  east- 
ward, or  into  the  island,  being  quite  different  from  what  was  found  in 
the  Toledo  field.  The  rock  capping  on  the  surrounding  hills  is  a 
coralline  limestone  of  probable  Pliocene  age.  The  oil  appears  to  be 
identical  with  that  from  the  other  two  fields  and  is  found  oozing  out  of 
the  same  bluish  shale.  To  those  intending  to  explore  this  field  I  would 
recommend  that  a  light  drill  be  taken  just  over  the  divide,  about  1 
kilometer  to  the  east  from  the  place  where  the  oil  at  present  comes  to 
the  surface,  to  a  point  where  the  topography  reaches  its  lowest  elevation, 
where  the  oil-bearing  stratum  would  be  found  under  better  cover. 

With  reference  to  the  likelihood  of  finding  oil  on  the  east  coast  of 
Cebu,  I  might  add  that  although  the  sedimentary  formations  are  the 
same,  yet  a  great  area  of  igneous  rock  which  occurs  there  would  cause 
serious  interruption  to  the  oil-bearing  formation.  The  apparent  connec- 
tion between  coal  and  oil  deposits  in  Cebu  and  other  islands  of  tlie  group 
leads  me  to  think  that  in  time  oil  may  be  found  in  paying  quantities  in 
many  parts  of  the  Archipelago. 

Analysis  of  Alegria  oil. 

Color  and  odor,  good. 

Sp.  gr.  at  27**  C,  0.8191. 

Boiling  up  to  150**,  22  per  cent,  sp.  gr.=0.721 ;  150-300**,  42  per  cent, 

sp.  gr.=0.802. 
Residuum   (solid  paraffin),  36  per  cent. 
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MlSCELLANEOrS. 

Cement. — For  the  fiscal  year  ending  June  1,  1908,  the  total  value 
of  cement  imported  amounted  to  ^1,384,000.  It  has  increased  yearly. 
Not  a  kilogram  has  as  yet  been  manufactured  in  the  Philippine  Islands. 
We  have  in  several  localities  all  the  ingredients  and  yet  the  search  for  gold 
mines  continues,  while  one  of  the  surest  and  most  profitable  business 
propositions  of  all  is  overlooked. 

I  have  repeatedly  called  attention  to  Cebu,  where  sliale,  limestone,  and 
coal  are  to  be  found  in  abundance.  It  is  true  that  Fome  of  the  sliale 
already  tested  is  too  low  in  silica,  but  with  the  addition  of  pchist,  which 
is  to  be  obtained  in  Cebu  or  im])orted  from  Romblon,  this  would  he 
rectified. 

On  Batan  Island  there  is  an  inexhaustible  supply  of  limestone  and 
shale,  the  analysis  of  which  shows  that  they  are  in  every  way  quite  well 
suited  to  this  purpose.  Romblon,  according  to  recent  examination  of 
Dr.  G.  I.  Adams,  geologist  of  this  Bureau,  appears  to  possess  materials 
not  so  well  suited  to  the  manufacture  of  cen\ent  as  it  was  hoj>ed. 

1908.  Cox,   A.   J.     Volcanic   tulF  as  a  construction   and   cement  material.     Phil. 

Joum.  Sci.,  Sec.  A.  (1908),  3,  391. 

1909.  Cox,  A.  J.     Philippine  raw  cement  materials.     Phil.  Joxnn.  8ci.,  8vc.  A. 

(1909),  4,  211-229. 
1909.  Adams,  G.  I.     The  marble  and  schist  formations  of  Romblon  Island.     Phil. 
Joum.  8ci.,  Sec.  A.  (1909),  4,  87. 

Kaolin. — Kaolin  of  a  fair  grade  has  been  found  in  several  localities 
in  the  Philippines,  the  best  known  deposits  being  in  Laguna  Province. 
A  deposit  is  reported  to  have  been  discovered  recently  near  Baguio  in 
Benguet.     Two  produced  this  year. 
1904.  McCaskey,  H.  D.     5th  Ann.  Rept.  Mining  Bureau   (1904),  36. 

Phosphate. — In  nearly  every  extensive  cave  in  the  Philippines  a  dirty, 
coarse,  granular  soil  is  encountered,  varying  from  a  few  centimeters  to 
more  than  a  meter  in  depth ;  this  is  usually  a  bat  guano,  the  quantity 
varying  from  only  a  few  tons  to  several  hundred.  It  can  be  handled 
profitably  when  several  caves  are  found  close  together.  The  Island  of 
Marinduque  has  many  such  caves,  one  of  which  is  estimated  to  contain 
500  tons.  I  believe  the  only  people  in  the  East  who  handle  guano  very 
extensively  are  the  Japanese. 

In  Ilocos  Norte  very  small  pockets  of  apatite  crystals  have  been  dis- 
covered, but  the  mineral  has  not  been  found  in  commercial  quantities. 
The  finding  of  much  phosphate  rock  anywhere  in  the  Philippines  is,  in 
my  opinion,  not  probable,  as  these  deposits  usually  occur  on  rainless, 
oceanic  islands  or  on  islands  which  have  been  more  or  less  arid  at  some 
time  in  their  history. 

Sulphur. — Since  our  last  yearns  report  we  have  investigated  the 
sulphur  supply  on  Mount  Apo,  but  regret  that  the  locality  does  not 
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offer  very  much.  In  the  first  place,  there  is  very  little  in  sight,  a  half 
dozen  small  solfataras  with  a  few  tons  deposited  around  them,  and, 
secondly,  the  peak  of  Mount  Apo,  whereon  these  solfatares  are  located, 
is  so  difficult  of  access  that  it  would  not  j)ay  to  try  to  exploit  the  sulphur. 

1884.  Abella   y  Cawariego,   E.     La   Isla  de   JMlinin    (Filipinan)    y   sus   azuf rales. 

Madrid,  Tello   (1885),  15.     1  pi.   (map).     Alsu  in  Bolctin  de  ht  i'oinision 

del  mapa  geoldgico  de  Espa/na   (1884),   11. 
1907.  Goodman,  M.     Sulphur  in  the   Philippines.     Far  Eastern  Rer.    (1907),  4, 

120-121. 
1907.  Ferguson,  H.  G.     The  sulphur  deposits  of  Camiguin  Island.     Far  Eastern 

Rev,   (1907),  4,  152-163. 

Salt. — The  occurrence  of  springs  flowing  hot  saline  solutions,  either 
quite  saturated  or  nearly  so,  appears  to  indicate  the  existence  of  natural 
salt  deposits  in  the  Philippines,  although  none  has  heen  actually  en- 
countered. Such  springs  are  known  to  exist  at  Mainit  near  the  town  of 
Bontoc,  at  Asin  near  the  boundary^  line  between  Lepanto  and  Nueva 
Vizcaya,  and  near  the  town  of  Bambang  in  Nueva  Vizcaya.  All  of  these 
occurrences  are  in  the  interior  of  northern  Luzon  and  at  least  35  miles 
from  the  coast. 

Asbestos. — Prospecting  in  the  serpentine  area  of  Ilocos  Norte,  where 
some  of  the  poorer  grade  of  asbestos  has  been  found,  has  discontinued  and 
therefore  we  have  nothing  new  to  state  with  regard  to  this  mineral. 

Manganese. — Development  work  continues  on  the  manganese  prospects 
near  Point  Blanca,  Ilocos  Norte,  but  as  yet  there  has  been  no  noteworthy 
shipment  of  the  ore.  Near  the  Aroroy  gold  mining  district  on  the 
Island  of  Masbate,  manganese  ore  occurs,  apparently  as  lenses  in  a  red 
slate.  Development  work,  however,  has  not  progressed  far  enough  to 
ascertain  whether  the  deposit  is  of  any  importance. 

1907.  Smith,  W.  D.     Notes  on  economic  geology  of  Ilocos   Norte.     Far  Eastern 

Rev.  (1907),  3,  334. 
1907.  Smith,  W.  D.     The  asbestos  and  manganese  deposits  of  Ilocos  Norte,  with 

notes  on  the  geology  of  the   region.     Phil.  Journ.  Sei.y  Sec.  A.    (1907), 

2,  146. 

Mineral  spnng  waters. — In  last  year's  bulletin  a  list  of  all  the  chief 
mineral  springs  was  given.  This  year  we  are  able  to  give  some  figures 
showing  the  enterprise  of  the  owners  of  two  of  these. 

Of  the  three  prominent  resorts  in  the  Philippines  two  are  located  at 
mineral  springs,  one  at  Los  Baiios  on  Laguna  de  Bay  where  from  forty 
to  fifty  guests  can  be  accommodated,  and  the  other  is  at  Sibul  Springs, 
where  sixty  people  are  staying  in  the  hotel.  Besides,  there  are  numerous 
families  living  in  cottages. 

At  Los  Banos  it  is  estimated  that  263,140  liters  of  the  water  were 
sold  in  1908  and  at  the  Sibul  Springs  5,000. 

Artesian  wells. — Artesian  wells  have  been  sunk  throughout  the  Philip- 
pines.    These  are  largely  located  in  the  great  plain  of  Luzon  where  the 
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formation  is  to  a  great  extent  volcanic  tulf  in  wliieh  are  intercalated 
marine  sands.  The  Bureau  of  l^ublic  Works  has  drilled  a  large  number 
of  wells  and  has  demonstrat^nl  that  artesian  water  can  be  found  at  rather 
shallow  depths  at  many  points  in  the  central  plain  of  Luzon,  and  follow- 
ing the  lead  of  the  Bureau  of  Public  Works  various  municipalities  lune 
drilled  good  artesian  wells  with  onlinarv  jet  drills. 


THE  METALLIC  MINERAL  RESOURCES  OF 
THE  PHILIPPINES. 


By  Henby  G.  Ferguson. 


GOLD. 

As  may  be  seen  from  the  table  of  statistics,  the  gold  production  of  the 
Philippines  for  the  year  1908  shows  an  extremely  satisfying  increase 
over  that  of  1907.  In  two  out  of  the  three  principal  districts  there 
are  mining  companies  which  have  successfully  passed  through  the  de- 
velopment stage  and  are  now  preparing  to  pay  dividends.  Everywhere 
development  work  is  being  carried  on  and,  owing  to  the  courage  of  the 
first  pioneers,  capital  has  begun  to  flow  a  little  more  freely.  Those  con- 
ditions which  have  held  back  investors  from  putting  money  into  any 
Philippine  industry,  apply  with  ^ticular  force  to  mining,  for  in  most 
cases,  the  investor  in  an  undeveloped  mining  property  must  wait  for 
several  years  before  he  can  expect  any  returns,  and  he  must  therefore  be 
doubly  certain  of  the  safety  of  his  investment.  It  is  idle  to  deny  that 
under  more  favorable  conditions  the  present  prosperous  state  of  the 
gold-mining  industry  might  have  been  reached  before  this. 

Masbate, — Of  the  three  principal  gold-mining  districts  of  the  Islands, 
Masbate  alone  shows  a  falling  off  in  production.  This  is  due,  not  to  any 
inherent  defect  in  the  district  itself,  but  to  a  variety  of  causes. 

Of  the  three  stamp  mills  in  the  district,  one  5-stamp  mill  was  found 
to  have  been  poorly  designed  and  therefore  unsuited  to  the  work  required. 
It  was  dismantled  two  years  ago.  Neither  of  the  two  10-stamp  mills 
has  been  in  operation  during  the  year,  one  being  idle  on  account  of 
litigation  and  the  other  awaiting  the  reorganization  of  the  company. 

The  district  has  suffered  heavily  from  typhoons  during  the  past  year, 
the  centers  of  no  less  than  three  passing  near  the  mining  district.  The 
Lanang  Dredging  Company  was  a  particularly  heavy  sufferer,  as,  besides 
having  its  houses  and  offices  blown  down,  the  dredge  was  wrecked  and 
the  pontoon  badly  damaged,  though  fortunately  the  machinery  was 
uninjured.  The  accident  was  particularly  unfortunate  as  it  came  just 
as  operations,  after  two  years  of  preliminary  work  under  disadvantages 
which  would  have  permanently  discouraged  many  others,  had  finally 
reached  a  stage  where  substantial  returns  were  to  be  expected.  It  is 
gratifying  to  report  that  this  dredge  is  to  be  rebuilt. 
20 
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In  lode  mining,  continued  development  work  is  showing  up  large  and 
easily  worked  ore  bodies.  The  ore  is  not  as  a  rule  of  high  grade,  but 
natural  conditions  of  the  district  are  so  favorable  that  mining  costs 
should  be  cheaper  here  than  elsewhere  in  the  Islands. 

The  chief  development  work  of  the  year  has  been  done  by  the  Keystone 
Mining  Company  on  Aroroy  Mountain  where  the  two  shafts  have  been 
connected  at  20  meters  below  surface  by  a  drift  at  present  85  meters  in 
length  and  a  tunnel  has  been  driven  from  the  southwest  side  of  tlie 
mountain  a  distance  of  70  meters.  The  Colorado  and  Eastern  mining 
companies  have  both  done  considerable  development  work  during  the 
past  year  with  very  satisfactory  results,  the  former  in  developing  its 
vein  system  by  continuing  its  tunnels  and  the  latter  by  cutting  a  vein 
which  is  said  to  show  15  meters  of  workable  ore.  Both  these  companies 
expect  to  go  ahead  on  a  much  larger  scale  during  the  coming  year. 
Besides  these,  various  individual  miners  have  been  doing  steady  develop- 
ment work,  though  of  course,  as  is  nearly  always  the  case,  they  are  greatly 
hindered  by  lack  of  funds. 

As  regards  the  district  as  a  whole  there  has  been  a  general  realization 
that  more  extensive  development  work  is  needed  before  production  is 
attempted.  Therefore  reorganization  on  a  more  businesslike  basis  is 
succeeding  the  period  of  depression  which  was  the  natural  result  of 
absurd  overconfidence. 

The  district  has  further  been  benefited  by  the  construction  of  a  road 
from  the  village  of  Aroroy  to  the  Guinobatan  River.  A  light-house  has 
been  erected  on  Punta  Colorada  opposite  Aroroy,  allowing  vessels  to 
enter  the  harbor  at  night,  and  the  harbor  has  been  buoyed.  The  steamer 
service  from  Manila  is  better  than  ever  before.  During  the  year  1909 
it  is  planned  to  extend  the  road  up  the  Guinobatan  River,  through  the 
heart  of  the  mining  district,  to  connect  Aroroy  with  Masbate  by 
telegraph,  and  to  establish  a  money-order  post-office  at  Aroroy;  all  of 
these  small  public  improvements  being  things  which  the  district  needs 
and  deserves, 

Paracale. — The  Paracale  district  in  the  northern  part  of  Ambos  Cama- 
rines  was  regarded  by  the  Spaniards  as  the  most  important  mining  region 
in  the  Islands,  and  the  mines  have  been  worked  intermittently  and 
the  streams  washed  since  before  the  days  of  the  Spanish  conquest,  and 
the  hills  are  honeycombed  with  ancient  workings. 

Since  the  American  occupation  development  has  been  hindered  by 
the  confusion  which  has  existed  in  regard  to  titles,  there  being  great 
uncertainty  as  to  the  validity  and  extent  of  many  of  the  Spanish  con- 
cessions. Lately,  however,  satisfactory  arrangements  have  been  made 
in  many  cases,  and  work  is  progressing. 

The  Paracale  district  consists  of  maturely  eroded  hills  of  metamorphic 
and  igneous  rocks  containing  quartz  veins.  The  large  plains  of  the 
Paracale  and  Malagit  Rivers  as  well   as  smaller   valleys  afford  very 
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promising  dredging  ground,  which  is  now  being  thorouglily  prospected, 
cliiefly  by  means  of  small  drills,  showing  excellent  returns.  The  Paracale 
Dredging  Company  has  had  a  dredge  in  operation  on  its  property  near 
the  town  of  Paracale  for  the  last  year  and  a  half,  and  such  excellent 
results  have  been  obtained,  that  several  other  dredges  will  be  in  operation 
in  a  short  time  on  neighboring  properties.  The  placer  ground  in  the 
vicinity  of  Paracale  generally  consists  of  about  4  to  5  meters  of  barren 
clay  mixed  with  vegetable  matter.  In  places  this  overlies  a  few  centi- 
meters of  coral,  and  below  this  is  a  varying  amount  of  gray  clay  carrying 
values.  Beneath  this  again  is  an  irregular  amoimt  of  extremely  rich 
sand  and  quartz  pebbles,  the  latter  often  showing  large  amounts  of 
free  gold.  The  gold  brought  up  by  the  dredge  now  working  is  re- 
markably angular  and  often  shows  distinct  crystalline  structure.  The 
quartz  pebbles  are  often  sharp  and  angular,  showing  that  they  have 
traveled  but  a  very  short  distance.  The  bed  rock  appears  to  be  a 
schistose  rock,  decomposed  to  a  clay,  which  is  easily  cut  by  the  dredge 
buckets,  making  it  possible  to  secure  practically  all  of  this  rich  gravel. 

The  dredge  at  present  in  operation  is  of  the  New  Zealand  type  and 
differs  from  those  generally  used  in  America  in  tliat  it  has  no  stacking 
ladder  and  no  quicksilver  is  used  in  the  riffles.  According  to  the  dredge- 
master's  reports,  during  a  period  from  May  25  to  December  31,  1908, 
50,244  cubic  yards  were  handled  and  2,814.1  ounces  of  gold,  having  a 
value  of  $50,653.80,  recovered. 

Dredging  is  made  difficult  not  only  by  the  large  amount  of  barren 
clay  which  must  be  removed  but  the  unusually  large  percentage  of  fine 
material  handled,  about  80  per  cent  of  all  the  material  passing  through 
the  screens.  The  black  sand  carries  values  and  is  saved  for  future  treat- 
ment, as  is  also  part  of  the  gray  clay.  The  oversize  material  from  the 
revolving  screen  is  sorted  by  hand  and  the  quartz  pebbles  saved  for 
future  crushing. 

Two  more  dredges  are  now  (March,  1909)  in  course  of  construction. 
One  of  these  was  formerly  in  operation  on  the  Guinobatan  Eiver  in  Mas- 
bate  and  has  been  transferred  to  Paracale,  where  it  is  being  rebuilt.  The 
other  is  of  the  New  Zealand  type  of  construction,  both  screen  and  stacking 
ladder  being  dispensed  with,  and  all  material  falling  directly  from  the 
tumbler  to  the  tables.  In  March,  1909,  the  pontoon  for  this  dredge  was 
almost  completed. 

The  dredge  now  in  operation  has  38  buckets  of  137  liters  capacity 
besides  3  grab  hooks.  The  dredge  from  Masbate,  45  buckets  of  102  liters 
capacity  each,  and  the  third  dredge,  under  construction,  43  buckets  of 
142  liters  capacity. 

In  regard  to  lode  mining  less  has  thus  far  been  done  under  the 
American  regime  than  might  have  been  expected.  This  delay,  however, 
is  due  in  great  measure  to  the  early  confusion  and  uncertainty  in  regard 
to  titles.     At  the  present  time  the  two  principal  mines  of  the  district, 
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the  San  Mauricio  and  the  Tunibaga,  both  of  whieli  were  formerly  the  prop- 
erty of  the  Philippine  Mineral  Syndieate,  have  been  taken  over  by 
American  capit^il.  At  tlie  San  Mauricio  mine  the  old  workings  have 
been  retimbered  to  permit  of  a  detailed  examination  of  the  property, 
work  has  begun  on  sinking  a  shaft,  and  a  v*()-stamp  mill  has  biH»n  brought 
out. 

On  the  Tumbaga  property  the  old  workings  have  been  unwatered  and 
preparations  made  for  continuing  the  sinking  of  the  shafts.  A  Hunting- 
ton mill,  formerly  tlie  property  of  the  old  company,  will  be  used  for 
treating  the  ore. 

There  are  many  other  groups  of  claims,  such  as  the  Mescla  group 
near  Mambulao,  the  Navotas  group  between  Mambulao  and  Paracale,  the 
San  Antonio  veins  near  Paracale,  and  the  claims  of  the  Aurora  Explora- 
tion Company  near  Malagit,  all  of  which  have  been  worked  to  a  greater 
or  less  extent  in  earlier  times,  which  it  is  now  proposed  to  reojien. 

During  the  present  year  there  are  several  improvements  planned  for 
the  district  aside  from  the  mining  work.  The  most  important  of  these 
will  be  the  removal  of  a  reef  which  obstructs  the  entrance  to  the  Malagit 
liiver,  thereby  affording  excellent  harbor  facilitii^.  At  present  there  is 
no  shelter  nearer  than  Mercedes  on  the  one  hand  and  Mambulao  on  the 
other,  and  during  bad  weatlier  tbe  regular  steamers  can  go  no  further 
than  Mercedes,  some  30  kilometers  down  the  coast. 

Other  improvements  planned  for  the  district  are  the  building  of  a 
telephone  line  and  the  construction  of  a  wagon  road  from  Indang.  The 
Paracale  Mining  Association  has  engaged  the  services  of  a  doctor  for 
the  camp.  The  association  also  hopes  to  secure  from  the  Insular  Gov- 
ernment some  arrangement  which  will  permit  of  having  a  resident  mining 
recorder.  At  present  there  is  unnecessarily  great  delay  and  confusion 
caused  by  the  necessity  of  sending  all  papers  to  Nueva  Caceres,  the  capital 
of  the  province- 

Benguet} — The  Baguio  mining  district  still  holds  its  preeminence  as 
the  principal  mining  region  of  the  Islands,  and  during  the  past  year 
work  has  gone  steadily  forward.  The  Consolidated  Mining  Company 
possesses  a  6-stamp  Hendy  mill,  three  stamps  of  which  were  added  during 
the  past  year,  and  a  fairly  complete  and  modem  cyanide  plant.  The 
mine  is  worked  from  four  tunnels  having  a  total  length  of  over  900 
meters  with  about  100  meters  of  cross-cut*.  Some  stopes  have  been 
opened  up,  but  the  company  has  wisely  confined  its  attention  almost 
entirely  to  development  work,  which  has  furnished  sufficient  ore  for  the 
mill.  During  the  past  year  two  agitators  have  been  added  for  treating 
slimes  and  have  greatly  facilitated  the  treatment  as  well  as  increased  the 
extraction.     The  company  has  installed  a  Wilfley  table  to  treat  the  sands 


*  For  information  in  regard  to  Benguet  and  Lepanto  the  writer  is  indebted  to 
Mr.  Maurice  Goodman  of  this  division,  who  visited  the  district  in  February,  1909. 


24 

from  the  classifiers,  thereby  still  further  increasing  the  capacity  of  the 
plant. 

The  Bua  Mining  Company  has  over  600  meters  of  drifts,  about  150 
meters  of  cross-cuts,  and  a  30-meter  raise.  Approximately  1,500  cubic 
meters  of  ore  have  been  removed  by  stopes.  The  ore  is  treated  in  a 
Hendy  G-stamp  mill  and  a  cyanide  plant,  similar  to  that  of  the  Consoli- 
dated Mining  Company. 

The  Camote  mine  is  opened  up  by  tunnels  at  four  levels,  having  a  total 
length  of  over  250  meters.  The  ore  is  crushed  in  a  small  stamp  mill 
♦made  by  Taylor  in  Manila.  There  are  three  340-kilogram  stamps  run 
by  a  5-meter  overshot  wheel  with  a  hemp  rope  drive.  The  capacity  is 
about  10  tons  per  day. 

On  Gold  Creek,  Mr.  Kelley^s  group  of  claims  has  been  developed  by 
about  570  meters  of  tunnels,  cross-cuts,  and  drifts,  showing  up  large 
bodies  of  ore.  Of  particular  interest  is  the  discovery  of  rich  telluride 
ore  on  the  Naptang  claim. 

The  Headwaters  Mining  Company  was  organized  during  the  past  year 
and  has  so  far  run  three  prospect  tunnels  in  ore  of  18,  33,  and  12 
meters  length. 

The  Government  is  now  replacing  the  suspension  bridges  on  the 
Benguet  Koad  with  steel  girder  bridges.  This  will  be  a  great  boon  to  the 
mining  industry  of  this  district  as  it  will  allow  the  transportation  of 
heavier  machinery  than  has  hitherto  been  possible.  Eoad  building  has 
been  progressing  satisfactorily.  The  Government,  with  the  assistance 
of  the  Benguet  Mining  Association,  is  building  a  wagon  road  from  Baguio 
to  Antamok,  and  the  miners  have  received  Government  assistance  in  the 
construction  of  local  mine  roads. 

Arrangements  have  been  made  with  the  Civil  Hospital  at  Baguio 
whereby  40  centavos  per  month  is  deducted  from  the  wages  of  the  miners 
and  20  centavos  from  the  Igorot  surface  workers,  in  return  for  which  the 
mine  workers  receive  hospital  treatment  at  Government  expense. 

Other  districts. — The  Aroroy,  Paracale,  and  Baguio  districts  are  the 
only  places  in  the  Philippines  where  gold  mining  has  been  tarried  on  to 
any  extent.  In  other  parts  of  the  Islands  vigorous  prospecting  has  been 
going  on,  and  the  coming  year  may  show  much  in  the  way  of  developing 
new  districts. 

In  Suyoc,  on  the  boundary  between  the  subprovinces  of  Benguet  and 
Lepanto,  prospecting  and  some  development  work  is  going  on,  but  the 
comparative  inaccessibility  of  the  district  delays  development.  The  dis- 
trict of  Binanlonan,  Pangasinan,  is  being  prospected,  though  the  deposits 
have  not  as  yet  been  developed  to  any  extent.  In  Nueva  Ecija  a  certain 
amount  of  sluicing  has  been  carried  on  and. small  amounts  of  gold  are 
obtained  from  native  washings,  but  unfortunately  we  have  no  returns  as  to 
the-amount  of  gold  extracted.  In  the  Catanduanes  Islands  and  in  northern 
Mindoro  prospecting  of  placer  grounds  is  progressing.     In  the  Surigao 
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peninsula  prospecting  is  being  carried  on  by  Americans,  and  a  considerable 
amount  of  gold  is  washed  from  the  streams  by  natives. 

Publications  having  reference  to  gold  mining  in  the  Philippines : 

1874.  Minard.     Sur  les  gisements  d'or  de  Philippines.     Bull,  8oc.  Qeol.  de  France 

(1874),  2,  403-406. 
1876.  Centeno  y  Garcia,  Joa6.    Memoria  geol6gicominera  de  las  Islas  Filipinas. 

Bolctin  de  la  Comisidn  del  Majxi  Oeoldgico  de  EspaM,    Madrid  (1876), 

3   (Gold,  226-230). 
1879.  Abella  y  Casariego,  Enrique.     Memoria  acerca  de  los  criaderos  aurfferos  del 

segundo  distrito  del  departamento  de  Mindanao,   Misamis.     Boletin  de 

la  Comisidn  del  Mapa  Oeoldgico  de  Espa/ha.    Madrid,  Telle   (1879),  49. 

5  pis. 
1883.  Abella  y  Casariego,  Enrique.     Ligera  resefia  de  la  minerfa  de  las  Islas  Fili- 
pinas.    Madrid,  Tello  (1883),  15  (Gold,  4-6). 
1899.  Day,  D.  T.     Mineral  resources  of  the  Antilles,  Hawaii,  and  the  Philippines. 

Eng,  Mag.   (1899),  17,  242-251. 
Hermann,    R.     Besuch    im    Golddistrict    von    Camarines    Norte.     QlohuBy 

Braunschwieg,  Vieweg   (1899),  73,  11-12. 
1901.  Becker,  G.  F.     Report  on  the  geology  of  the  Philippine  Islands.     U.  8.  0, 

8.,  21st  Ann.  Rep.  (1901),  pt.  Ill,  493-614  (Gold,  576-584). 
Nichols,  J.  C.     Notes  on  the  Pigholugan  and  Pigtao  gold  region.  Island  of 

Mindanao.     Trans.  Am.  Inst.  Min.  Eng.   (1901),  31,  611-616. 
(Describes  occurrence  of  gold  veins  and  placer  deposits.) 

1905.  McCaskey,  H.  D.     Fifth  annual  report  of  the  Mining  Bureau  for  the  year 

ending  August  31,  1904.     Manila  (1905). 

(Gives  summary  of  the  mineral  resources.     Gold,  27-29.) 
McCaskey,  H.  D.     Sixth  annual  report  of  the  Chief  of  the  Mining  Bureau 
for  the  year  ended  August  31,  1905.     Manila   (1905). 
(Gives  summary  of  developments  of  year,  16-17.) 

1906.  Smith,  W.  D.     Preliminary  geological  reconnaissance  of  the  Loboo  Moun- 

tains   of    Batangaa    Province.     Phil.    Journ.    8ci,     (1906),    1,    617-631. 
1  map. 

(Study  of  geology  of  the  region.) 

1907.  Chase,  T.     Minerals  in  the  Philippines.  Eng.  d  Min.  Journ.    (1907),   83, 

852-853. 
Eveland,  A.  J.     Eastern  Mining  Company's  Masbate  workings.     Far  East- 
ern Rev.   (1907),  3,  330-333. 

(Detailed  description  by  the  superintendent,  of  the  company's  property 
and  mining  methods  employed.) 
Eveland,  A.  J.     Notes  on  the  geology  and  geography  of  the  Baguio  mineral 
district.     Phil.  Journ.  8ci.,  Sec.  A.  (1907),  2,  207-233. 

(A  study  of  the  general  geology  of  the  district  with  detailed  map  on 
scale  of  1:24,000.) 
Goodman,  M.    The  Island  of  Marinduque.     Fa/r  Eastern  Rev,    (1907),   3, 
365-366. 

(Notes  on  geology  and  gold  prospects.) 
Goodman,  M.     Metallic  mineral  resources.     Far  Eastern  Rev.    (1907),   4, 
12. 

(Summary  of  mining.     Gold,  12-13.) 
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1907.  Goodman,   M.     Gold   placers   of   Nueva   Ecija.     Far  Eastern   Rev.    (1907), 

4,  88. 

(Notes  on  the  geology  and  a  description  of  operations.) 
Goodman,  M.     History  of  placer  mining  in  the  Camarines.     Far  Eastern 
Rev.    (1907),  4,  16. 

(A  short  history  of  operations,  with  notes  on  the  geology.) 
Ickis,  H.  M.     Camarines  gold  fields.     Far  Eastern  Rev.  (1907),  4,  5(5-57. 
(Notes  on  the  geology  and  a  description  of  operations.) 

1908.  Ferguson,    H.    G.     The    Aroroy    Mining    District,    Masbate.     Far    Eastern 

Rev.   (1908),  5,  56. 

(Short  summary  of  the  geology  and  mining.) 
Goodman,  M.     Metallic  mineral  resources.     The  Mineral  Resources  of   the 

Philippine  Islands.     Bureau  of  Science,  Manila   (1908),  Gold,  22-23. 
(Summary  of  mining  work  for  the  year  1907.) 
Ickis,    H.   M.     Mining  and   geologic   notes   on   a   portion   of   Northwestern 

Mindanao.     The   Mineral  Resources   of   the  Philippi7ie   Islands.     Bureau 

of  Science,  Manila    (1908),  28-31,  with  map. 
Smith,    W.   D.     Statistics    of   production.     The    Mineral   Resources   of    the 

Philippine  Islands.     Bureau  of  Science,  Manila  (1908),  26. 
Smith,   W.   D.     Summary  of   the  chief  characteristics   of   Philippine   ores. 

The  Mineral  Resources  of  the  Philippine  Islands.     Bureau  of  Science,  Ma- 
nila   (1908),   33. 

Besides  the  above  papers,  the  Far  Eastern  Eeview  in  its  nvunber  for 
June,  1907  (vol.  4,  No.  1),  published  reports  of  the  operations  of  various 
mining  companies,  and  during  the  past  two  years  special  correspondence 
relating  to  Philippine  mining  has  appeared  from  time  to  time  in  the 
columns  of  the  Mining  and  Scientific  Press,  (San  Francisco)  the  Mining 
Journal  (London),  the  Australian  Mining  Standard,  the  Far  Eastern 
Eeview,  and  the  Philippines  Free  Press. 

COPPER. 

Another  year  has  passed  with  practically  no  production  of  copper,  in 
spite  of  the  important  deposits  existing  in  the  Islands. 

The  Mancayan  copper  mines  in  Lepanto  have  been  visited  by  a 
representative  from  a  large  company  in  the  United  States,  but  un- 
fortunately no  satisfactory  arrangements  could  be  made  as  regards  price. 
It  is  reported  that  recent  development  work  has  shown  the  existence  of 
ore  in  the  lowest  level  of  this  mine,  thus  contradicting  the  statement  on 
page  51  of  Bulletin  No.  4  of  the  Mining  Bureau.  The  Division  of 
Mines  hopes  soon  to  be  in  a  position  to  confirm  this  report.  The  I^epanto 
Mining  Company  had  been  granted  a  franchise  to  construct  a  railroad 
from  the  mines  to  the  coast,  but  this  has  been  allowed  to  lapse.  As- 
sessment, prospecting,  and  some  development  work  is  being  carried  on  on 
other  claims  in  the  vicinity.  A  good  road  with  fairly  low  grades  is  now 
being  built  from  the  coast  at  Tagudin,  to  Cervantes,  and  Baguio  is  being 
connected  with  Cervantes  by  another  road  which  will  pass  through  Suyoc 
and  Mancayan.     The  construction  of  these  roads  will  be  of  immense 
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advantage,  as  the  lack  of  transportation  facilities  has  greatly  hindered 
the  development  of  this  district,  which  will  now  have  two  outlets  to  the 
coast. 

In  Mashate  prospec^ting  has  been  carried  on  in  tlie  newly  discovered 
copper  district  northeast  of  the  town  of  Milagros.  The  felsitic  rock 
carrying  native  copper  has  been  found  to  extend  over  a  considerable  area 
and  500  kilograms  of  picked  specimens  of  this  rock  which  were  shipped 
to  a  smelter  at  Tacoma  showed,  besides  copper,  very  gratifying  returns  in 
gold  and  silver.  This  deposit  of  native  copper  was  known  to  the 
Spaniards  and  prospecting  has  been  carried  on  intermittently  since  the 
beginning  of  the  last  century. 

More  promising,  however,  is  the  new  field  discovered  by  Mr.  Brobst 
about  6  kilometers  to  tlie  southeast  of  the  native  copper  deposit.  Here 
there  is  a  series  of  several  small  veins,  some  of  copper  sulphides  carrying 
values  in  gold  and  silver  and  others  of  silver-bearing  galena.  These  veins 
have  not  as  yet  been  opened  up  to  any  extent,  but  prospecting  and 
development  is  being  carried  on  vigorously. 

Copper  ores  are  also  known  to  exist  in  tlie  Provinces  of  1  locos  Norte, 
Tangasinan,  Ambos  Camarines,  and  Batangas  on  the  Island  of  Luzon, 
on  the  Island  of  Marinduque,  and  in  the  subprovince  of  Bukidnon  and 
the  Province  of  Misamis  on  Mindanao. 

References  to  copper  deposits  of  the  Philippines: 

1862.  Santos,  Jos^  Maria.  Informe  sobre  las  minas  de  cohre  dc  las  raiiclierfas 
de  Mancayan,  Suyoc,  Bumucan  y  Agbao  en  el  disirito  de  I>cpanto.  Press 
of  the  College  of  Santo  Tomas,  Manila  (1862),  72. 

1876.  Centeno  y  Garcia  Jos^.  Memoria  geol6gico-minera  de  las  Islas  Filipinas. 
Boletin  de  la  Comision  del  Mapa  Oeoldgico  de  Espana^  Madrid  (1876), 
3,    (Copper,  221-226). 

1881.  Hernandez,  Antonio.  Report  on  copper  in  the  district  of  l.«panto  (in 
Spanish).     Revisia  Minera,  Madrid   (1881),  2,  112-118. 

1901.  Becker,  G.  F.  Report  on  the  geology  of  the  Philippine  Islands.  U.  8,  Q. 
8.,  2l8t  Ann.  Kept,  (1901),  pt.  3,  493-f)14. 

(Summary  of  geologic  knowledge  up  to  the  time  of  American  occupa- 
tion.    Copper,  584-590.) 
Rinne.     Kupfereiche    Sande    im    Malaguitgebiet    bei    Paracale.     Ztachr.    /. 
prak.  Geol.   (1901),  387. 

1905.  Eveland,  A.  J.     A  preliminary  reconnaissance  of  the  Mancayan-Suyoc  min- 

eral region,  Lepanto,  P.  I.     Bull.  No.  4,  Mining  Bureau,  Manila   (1906). 
(A   study  of  the  geology  of  the  region,   with  abstracts  from  earlier 

reports.     A  detailed  map  of  the  district  on  a  scale  of  1:4,800  is  published 

as  Bull.  No.  5  of  the  Mining  Bureau.) 
McCaskey,  H.  D.     Fifth  annual  report  of  the  Mining  Bureau  for  the  year 

ending  August  31,  1904.     Manila   (1905).      (Copper,  29-30.) 
McCaskey,  H.  D.     Sixth  annual  report  of  the  Chief  of  the  Mining  Bureau 

for  the  year  ended  August  31,   1905.     Manila    (1905).      (Copper,   16.) 

1906.  Lehlbach,  L.     Mancayan-Suyoc  mines  and  Abra  River  placers,  Lepanto-Bon- 

toc.     Far  Eastern  Rev.   (1906),  3,  168-170. 
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1907.  Chase,  T.    Minerals  in  the  Philippines.    Eng.  d  Min,  Journ,   (1907),  83, 

862-853. 
Goodman,    M.      Island    of    Marinduque.      Far    Eastern    Rev.     (1907),    3, 

365-366. 
Goodman,  M.     Metallic  mineral  resources.     Far  Eastern  Rev.  ( 1907 ) ,  4,  12. 

1908.  Goodman,  M.    Metallic  mineral  resources.     The  Mineral  Resources  of  the 

Philippine  Islands.     Bureau  of  Science,  Manila  (1908).     (Copper,  23-24.) 

SILVER  AND  LEAD. 

Practically  all  the  gold  won  in  the  Islands  contains  a  small  per- 
centage of  silver,  but  silver  ore  is  of  comparatively  rare  occurrence.  On 
Mr.  Brobsf  s  claims,  near  Milagros,  Masbate,  are  several  veins  of  galena 
showing  high  values  in  silver  and  small  amounts  of  gold.  Native  sil- 
ver is  found  in  the  subprovinces  of  Benguet  and  Lepanto  near  the 
boundary  line.  Silver-bearing  galena  also  occurs  in  Cebu,  Marin- 
duque, and  Ambos  Camarines,  but  none  of  these  deposits  have  as  yet 
been  developed. 

Eef erences  to  silver  and  lead  deposits  of  the  Philippines : 

1886.  Abella  y  Casariego,  Enrique.     R&pida  descripcidn,  flsica,  geol6gica  y  minerai 

de  la  Isla  de  Cebd.     Madrid,  Tello  (1886).     (Reference  to  galena,  146.) 
1901.  Becker,  G.  F.     Report  on  the  geology  of  the  Philippine  Islands.     U.  8.  O, 

8.y  21st  Ann.  Rept.   (1901),  pt.  3,  493-614.      (Silver,  590-591.) 
1905.  McCaskey,  H.  D.     Fifth  annual  report  of  the  Mining  Bureau  for  the  year 

ending  August  31,  1904.     Manila   (1905).     (Lead  and  silver,  30.) 
1907.  Goodman,    M.     Island    of    Marinduque.     Far    Eastern    Rev.     (1907),    3, 

365-366. 

IRON. 

Practically  nothing  new  has  been  accomplished  in  the  iron  indus- 
try during  the  past  year.  There  are  large  deposits  of  excellent  iron 
ore  in  the  Provinces  of  Bulacan  and  Rizal,  but  the  difficulties  of  trans- 
portation, the  lack  of  native  coking  coal,  and  the  general  feeling  of 
insecurity  concerning  all  things  Philippine  has  prevented  the  incoming 
of  sufficient  capital  for  production  on  a  large  scale,  while  indifference 
and  ignorance  on  the  part  of  the  native  population  have  prevented 
exploitation  in  a  small  way.  The  only  mine  which  has  been  producing 
during  the  past  year  is  the  Hizon  mine  at  Angat,  Bulacan.  This  mine 
is  operated  by  a  Filipina  woman,  Dona  Maria  Fernandez,  the  only  per- 
son of  her  race  who  has  thus  far  taken  sufficient  interest  in  mining  to 
become  a  mine  operator. 

Undeveloped  deposits  of  hematite  are  also  known  to  exist  in  Ambos 
Camarines  and  Marinduque,  and  a  deposit  of  chrome-iron  ore  has 
recently  been  discovered  in  the  Province  of  Surigao. 

Eeferences  to  iron  deposits  in  the  Philippines : 

1903.  McCaskey,  H.  D.     Report  on  a  geological  reconnaissance  of  the  iron  region 
of  Angat,  Bulacan.     Bull.  No.  3,  Mining  Bureau,  Manila  (1903). 
(History  of  the  iron  industry  and  account  of  reconnaissance,  with  analyses 
of  ores,   62  pp.    1   map.) 


1905.  Goodman,  M.    Report  on  the  Bulacan  iron  industry.     Sixth  annual  report 
of  the  Chief  of  the  Mining  Bureau,  ACanila  (1905),  48-56. 

(Contains  estimates  of  the  cost  of  production  and  annual  output.) 
McCaskey,  H.  D.     Fifth  annual  report  of  the  Mining  Bureau  for  the  year 
ending  August  31,  1904.     Manila  (1905).     (Iron,  29.) 

OTHER  METALS. 

The  sulphide  ores  in  the  Philippines  are  as  a  rule  fairly  free  from 
zinc,  which  will  be  an  important  factor  when  the  time  comes  for  shipping 
concentrates  to  smelters.  In  several  ores,  however,  varying  amounts  of 
zinc  blende  have  been  found.  Specimens  of  molybdenite  have  been  ob- 
tained in  Ambos  Camarines  and  Batangas,  and  small  specimens  of  stibnite 
from  Batangas  and  Surigao.  There  is  a  constantly  recurring  rumor  in 
regard  to  small  amounts  of  native  mercury  in  the  vicinity  of  Mount 
Isarog,  Ambos  Camarines,  but  no  definite  information  can  be  obtained. 
No  tin  has  been  discovered  in  the  Philippines. 


STATISTICS. 


[Compiled  by  H.  O.  Ferguson.] 
Table  I. — Mineral  production  in  1007. 


Source. 


Albay 

Ambos  Camarines 

Bulakan 

Mountain  Province •_ 
Sorsogon  (Masbate)... 

Total 


Gold. 
Grams. 


3,110 


»'120, 917 
17, 167 


141,194 


Silver,   i  Copper,  j     Iron,     j     Coal. 

Grams,   i    Kilos.      Met.  Ions. '  Met.  tons. 
4, 123 


{") 


2,364 


2,582  i 


396  i      4,123 


Table  II. — Mineral  production  in  1908. 
[Note. — For  stone,  sand,  etc.,  see  Table  I,  under  Structural  Materials,  p.  49.] 


Source. 

Gold. 

Silver.^ 
Grams. 

Copper. 

Iron. 

Coal. 

Met.  tons. 
9, 248 

Albay 

Grams. 

KUos. 

Met.  tons. 

Ambos  Camarines 

M08,000 

6,000 

Bulakan 

96.6 

Cebu 

(") 

787 

Mountain  Province 

»>209, 500 
1,000 
8,400 

6.^.,  800 
400 
900 

Sorsogon  (Masbate) 

91 

Surigao 

Total 

326, 900 

73,100 

91            96.5 

10,035 

Value  in  pesos' 

434, 500 

%  750 

52 

17,500'' 

77,166 

Table  III. — Production  of  gold  and  silver  by  Troy  ounces. 


Source. 

Gold. 

Silver.'! 

1907. 

1908. 

3,470 

»'6,740 

30 

»'270 

1907. 

1908. 

Ambos  Camarines 

100 

»'3,888 
552 

7 
(«) 

190 
2. 120 

Mountain  Province 

Sorsogon  (Masbate) 

76  '            10 

Surigao 

30 

Total _ 

4,540 

10, 510 

83  1      2.350 

*  The  former  Provinces  of   Benguet.  and  Lepanto-Bontoc  have  now  been  combined  as 
the  Mountain  Province. 

^  Including  estimate  of  native  production. 
^  Small  production  of  copper  by  Igorots. 

^Except  in  the  case  of  Sorsogon   (Masbate),  the  silver  production  is  an  estimate  based 
on  the  amount  of  gold. 

*  One  peso  equals  50  cents.  United  States  currency. 
'  Value  of  silver  calculated  at  1*0.0376  per  gram. 

*  Not  given. 

*  This  value  is  for  manufactured  iron  implements. 

Equivalent    English    measures    are:   1    gram  =  0.32    oz.    Troy;    1    kilogram  =  2.20    lbs. 
avoirdupois;  1  metric  ton  =  1.102  short  tons  =  0.984  long  ton. 
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Tlie  iim^nufKTijt  iiu-mise  in  gold  protliutioii  iitHnlft  no  iH>nuneut,  and 
indications  swin  to  1k»  tliat  next  year  we  ftliall  have  tJie  pleasure  of 
recording  an  equally  large  incrc^a^e  for  the  prt»8*nit  ywir.  The  figures 
given  for  silver  are  Ixdieved  to  be  fairly  juvurate.  but  as  tlie  niiners 
receive  no  returns  for  the  silver  content  in  the  bullion  sold  t^^  the  banks, 
and  hence  can  not  report  their  individujil  proiluetion  of  this  metal,  it  is 
impossible  to  give  a  strictly  accurate  ligun*. 

hi  concIusioiK  the  thanks  of  the  con»j)iler  are  due  to  the  various  miners 
who  have  furnished  the  figures  and  made  this  compilation  possible.  It 
is  ]io])ed  that  any  miner  who  through  oversight  has  not  rtHHMveil  a  card 
rcipiesting  information  or  has  not  nneivtHl  a  copy  of  this  publication  will 
send  his  name  and  address  to  the  Division  of  Mines,  in  order  that  his 
name  may  be  placed  on  our  mailing  list.  It  is  our  desire  to  make  each 
succeeding  nund)cr  of  this  bulletin  of  greater  value  to  the  miners  of 
the  IMiilippines,  and  in  order  to  do  this,  we  <lt»pend  entirely  on  the 
coiipcration  of  the  niiners  themselves. 


PHILIPPINE  RAW  CEMENT  MATERIALS.' 


By  Alvin  J.  Cox. 
{From  the  Laboratory  of  Inorganic  and  Physical  Chemistry,  Bureau  of  Science, 

Manila,  P.  I.) 


Portland  cement  consists  of  silicates  and  aluminates  of  lime  in  certain 
proportions.  It  is  produced  by  burning  a  finely  ground  artificial  mixture 
of  chalky  and  clayey  materials  at  a  sufficiently  high  temperature  for 
chemical  combination  to  take  place.  During  the  burning,  which  is 
carried  on  in  kilns  of  special  design  and  lining,  as  the  temperature  ap- 
proaches 1600°  C.  the  clayey  material  becomes  fused.  Pure  chalk  or 
limestone  (calcium  carbonate)  does  not  fuse,  but  is  converted  into  lime 
which  is  taken  up  by  the  alumina  and  silicic  acid  of  the  clay,  provided  that 
the  raw  materials  have  been  ground  sufficiently  fine  for  an  intimate 
contact  between  the  particles  of  the  components.  The  product  of  the 
burning  is  a  semifused  mass  called  clinker.  The  lumps  of  clinker  are 
pulverized  and  the  resulting  fine  powder  is  Portland  cement. 

The  essential  constituents  of  Portland  cement  are  calcium  oxide 
(CaO),  silica  (SiO^),  and  alumina  (AlgOg),  or  some  other  flux  such 
as  ferric  oxide  which,  similarily  to  alumina,  is  able  to  promote  the  union 
of  silica  and  lime.  These  are  all  very  abundant  and  in  different  forms 
are  widely  distributed  in  many  kinds  of  rocks.  Calcium  oxide  does  not 
occur  in  nature  in  the  free  state  but  in  combination  as  calcium  carbonate 
(limestone,  chalk,  etc.).  Silica  and  alumina  are  found  in  the  form  of 
minerals  such  as  quartz  and  corundum,  but  in  this  form  they  are  not 
suitable  for  the  manufacture  of  cement,  owing  to  the  difficulty  of  grinding 
the  materials  to  a  sufficiently  fine  state  to  cause  them  to  combine  with 
lime;  therefore,  combinations  of  these  oxides  occurring  as  silicates  of 
alumina,  termed  clay  or  shale,  are  the  chief  source  of  these  constituents 
in  the  raw  materials  used  in  cement  manufacture. 

The  majority  of  limestones  contain  some  clay,  and  clays  Often  con- 
tain a  certain  amount  of  lime;  these  facts  are  taken  into  account  in 
proportioning  the  raw  materials.  Magnesium,  not  to  exceed  3  or  4 
per  cent  of  the  finished  product,  may  replace  calcium  in  Portland  cement 
without  deleterious  results,  and  iron  in  any  amount  may  replace  alumina. 

^  For  a  more  detailed  discussion  of  this  subject,  see  Phil.  Joum.  8ci.,  Sec.  A 
(1909),  4,  May,  211. 
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A  certain  amount  of  iron  u*U  n»  a  flux,  lowera  tiie  fusion  point  of  the 
mixture,  and  promotes  the  combination  of  the  calcium  oxide  and  ailiet. 

Several  articles  have  recently  appeared  in  the  literature  advocating 
the  superiority  of  cement  for  use  in  sea  water  in  which  practically  all 
of  the  alumina  is  replaced  by  iron  and  showing  that  iron-ore  cement  has 
been  used  with  efficiency  for  such  works  of  construction.' 

Limestone  oct>un(  abundantly  on  nearly  every  island  of  the  Philippine 
Archipelago  and  in  this  region  is  unfonnily  remarkably  pure.  The  maps 
of  the  Batan  Island  '  and  the  Danao-Compostela  *  coal  districts  sliow  the 
great  extent  of  the  limestone  in  tliese  localities.  In  the  following 
table,  I  give  the  analyses  of  limestpnes  from  various  regions. 

Tablk  I. — Amtlytm  of  Philippine  Hm^tttotum, 

(lu  most  t-aiM  the  r<Niults  given  below  are  the  average  of  two  or  more  analjraea  and  ara 
therefore  falrljr  repreaentatlve.] 


ConKtittitent. 


Silica  (8IO) 

Alumina  (A I/),) 

Ferric  oxido  (Fe,0|) 

Lime  (CaO) 

Magnesia  (MgO) 

Soda  (Na,0)  and  potajih  (K^»). 

Lonon  Ignition 

Water  (H^H  below  110° 


Source  of  nam  pie. 


Mount 
Ucon, 
r^bu. 


BaUn 
Island. 


Rom- 
bloQ. 


I*er  cfHl.    /Vr  cent.    Prr  cm/, 


O.M  * 
0.18  I 
Trace,  j 
55.92  j 
0.00  I 


48.  AO  i 

0.17 


0.97 
0.A6 
0.80 

58.  M 

o.iv : 

0.16  I 
48.18  j 
0.80  ! 


0.10 
0.17 
Trace. 
66.28 
0.46 


48.  HO 


Near 
IMIar. 
CapU. 


FfrrrtU. 
0.72 
0.51 
0.81 
54.08 
O.fW 


NearDU' 
malaf. 


0.21 
0.17 
0.71 
54.43 
0.41 


a.M  !      48.M 


Wlu'H  limcstoiu*  iippioiuhe-i  «  coiiijio.^ition  of  aUiut  75  |H»r  cent  calcium 
<arlKmat(»  and  20  |K*r  cent  of  dayey  matter  (silica,  alumina,  ami  oxides 
of  iron),  it  is  commonly  known  hb  natural  cement  roitk  because  it  con- 
tains as  impurities  ap|)roximatcly  the  amount  of  clay  material  that 
must  Ik?  added  fo  pure  limc»8tonc  in  making  cement.  It  is  very  seldom 
that  cement  rock  is  found  where  nature  has  done  the  proportioning  ao 
well  that  it  is  unnecessary  to  add  any  extraneous  material,  but  the  more 
nearly  a  limestone  approaches  this  condition,  the  lesg  that  will  be 
recjuirt»d.  To  produce  cement  from  this  material  it  is  neceaaary  to  add 
limestone  or  shale  or  clay  according  ag  the  ratio  of  calcium  carlionate  to 
clayey  matter  is  low'  or  high. 

Shaly  limestone  is  usually  softer  than  the  pure  limeiitone  ordinarily 


'Newberry,  S.  B.,  Cement  age,  4,  38;   Monthly  Consular  and  Trade  Report 
(1908),  June,  165;  Cement  d  Eng.  New€  (1908)  20,  112,  168. 
'Smith,  W.  D.,  Bull  Min,  Bu.  (1906),  6. 
*Idem,  Phil.  Journ.  Hci.,  Sec.  A.  (1907),  2,  405. 
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used  with  clay  or  shale  and  is  therefore  much  more  easily  ground. 
Other  things  being  equal,  raw  material  approaching  natural  cement  rock 
can  be  a  little  more  cheaply  prepared  for  burning  than  a  mixture  of 
pure  limestone  and  shale. 

I  have  analyzed  two  samples  of  rock  from  a  cut  of  the  railway  near 
Danao,  Cebu,  which  approach  cement  rock.     They  are  as  follows: 

Constituent. 


Silica  (SiOa)-. ._. 

Alumina  (Al^Oa) 

Iron  oxide  (FejOa) 

Calcium  oxide  (CaO) 

Magnesia  (MgO) 

Alkalies  (KjO  and  NajjO)  _ 

Loss  on  ignition 

Water  (H^O)  below  110°  C. 


1. 

2. 

Percent.    , 

Per  cent. 

29.00 

24.02 

11.38 

7.49 

5.35 

2.00 

26.25 

33.88 

0.65 

2.12 

1.98 

28.00 

28. 25 

3.84 

(') 

"  Included  under  loss  on  ignition. 

Neither  of  these  is  ideal  and  would  require  considerable  recomposing 
to  produce  a  good  cement.  Since  a  certain  amount  of  recomposing  is 
always  necessary  and  very  little  thought  need  be  given  to  the  supply  of 
limestone,  I  think  the  source  of  the  raw  materials  for  cement  in  these 
Islands  will  be  from  the  limestones,  schists,  clays,  and  shales  rather  than 
cement  rock. 

Entirely  suitable  shales  or  clays  for  the  manufacture  of  a  high-grade 
Portland  cement  are  not  extremely  abundant.  In  the  Danao-Compostela, 
Cebu,  region,  large  quantities  of  clay  and  shale  are  to  be  found.  W.  D. 
Smith  **  has  mapped  these  together  with  the  coarse  gray  sandstone  under 
one  color  (the  coal  measures)  and  estimates  the  total  thickness  as  90 
to  150  meters.  The  dip  of  the  beds  is  the  same  as  that  of  the  coal, 
which  is  20°  or  more.  Some  of  the  outcrops  of  the  siliceous  materials 
are  obliterated  by  covers  of  talus,  others  may  be  followed  all  the  way 
up  the  mountain  side,  whereas  still  others  have  been  uncovered  or  more 
exposed  by  railway  cuts  and  mine  drifts.  Data  regarding  the  clays, 
shales,  and  sandstone  of  this  region  are  given  in  Table  II. 

It  will  be  seen  by  referring  to  any  of  the  military  records  of  drill 
holes  made  when  prospecting  for  coal  on  Batan  Island  with  a  standard 
diamond  2-inch  core  drill  that  the  holes  penetrate  thick  layers  of  grayish- 
blue  shale,  separated  by  more  or  less  thin  layers  of  calcareous  shale  and 
limestone.  It  was  thought  that  if  they  contained  the  proper  constit- 
uents these  shales  might  be  mined  after  the  manner  adopted  by  some 
successful  cement  companies  now  operating,  or  quarried  somewhere 
on  the  island  where  they  are  accessible.     Analyses  of  three  samples, 

^PhiL  Joum,  Set.,  Sec.  A,  (1907),  2,  390. 
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taken  from  a  drill  hole  made  at  an  elevation  of  6  meters  in  the  Moncao 
basin  on  the  left  bank  of  the  river  about  1.5  kilometers  from  its  mouth, 
sliow  that  the  materials  are  of  the  $ame  general  character.  The  analyses 
are  given  in  Table  II. 

A  large  formation  of  sehi^t  occurs  on  tlio  Island  of  Bomblon.  This  is 
8o  high  in  silica  that  it  is  doubtful  if  it  could  be  combined  with  the 
marble  found  at  Homblon  for  the  manufacture  of  cement,  but  a  small 
amount  of  material  of  this  nature  could  successfully  be  employed  for 
recomposing  an  ordinary  clay  or  shale  base.  A  typical  analysis  of  this 
material  is  given  in  Table  II. 

The  first  two  regions  named  are  well  located  with  respect  to  tlie 
local  coal  districts,  and  for  all  of  the  al>ove  localities  water  transportation 
is  easily  available. 

Table  U.— Philippine  ahale,  clay,  Bandatone,  and  •ehUt. 
[Figures  give  percentages.] 

<on«tltueiit.  1.  2.  3.      '     4.  5.      I     6.      :     7.  I«.      '      9.       j 

!-■-       :       \       ;       : :        J 

Sillcii  (810-) W).17  48.JW  I  ftS.aS     U.3S     72.76  ;  42.72  ;  85.02  \  84.80     80.12 

Alumina  (AljOs)' ^^O^  5W.  44  I  24.11     20.26     1&.58  \  17.28  I  13.98  I  12.65     12.ft6 

i    Iron  oxUhMFfjOs)"--.    *<W  ** -*«  ^    ^-^      <-^  !    ^'*^      ^"^  ^^^      ••^       ^'^^ 

'    r«kluinc.xUh'(Ca()l 0.31  ».  fiO       O.HO     11.37       0.62     11.12  17.44  |17.1»j    0.12 

(    MagnchU  (MkO) 1.H5  0.61  I    2.22      2.W    Trace      8.65  2.M  |    2.84  |    0.4M 

Alkalk'«(K,0    Nc>5.l>) 1.56 2.81  l.»7  ;    2.26  j    8.69    ^ 

!>()«»  on  iRU  I  lion 6.35  10.75       8.72     14.30       3.58     15.58  17.50  j  17.19  |     1.94     | 

Water  (H,(»)  »xlow  IIO'C    ....       <«)  5.80       C)     '     (')         1.H4       1.85  5.81       4.90^    0.21     | 


•  Includes  titanium  oxide  (TlOt)  and  possible  phosphoric  anhjrdrlde  (PgOs). 
»» Total  iron  determined  as  ferric  oxide. 
<"  Included  under  loss  on  Ignition. 

DESCRIPTION  OF  SAMPLES. 

1.  Clay  from  near  Coroansi,  t>anao*Corapost«la  region,  Obu. 

2.  Clay  from  under  the  Danao  coal. 

3.  Shale  dried  at  105*"  C,  Danao- Com postela  region. 

4.  Calcareous  shale  from  railway  cut,  Danao-Compostela  region. 

5.  Sandstone  which  outcrops  above  the  coal  at  the  Compostela  mine. 

6.  Shale  from  Moncao  basin,  Batan  Island  drill  hole,  depth  1.8-48.1  meters. 

7.  Shale  from  Moncao  basin,  Batan  Island  drill  hole,  depth  57.2-61.8  meters. 

8.  Shale  from  Moncao  basin,  Batan  Island  drill  hole,  depth  114-133  meters. 

9.  Average  of  two  analyses,  agreeing  fairly  well,  of  independent  samples  taken 

from  the  schist  formation  near  Romblon,  Romblon. 

In  recomposing  raw  cement  material  the  limits  which  may  be  used  are 
that  for  every  part  by  weight  of  silica  2.60  of  calcium  oxide  are  required, 
for  every  part  of  alumina  1.10  of  calcium  oxide,  for  every  part  of  ferric 
oxide  0.70  of  calcium  oxide.  The  amount  of  magnesia  present  is 
equivalent  to  1.4  its  weight  of  calcium  oxide. 
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The  calculation  of  a  cement  mixture  from  clay   No.   1,   Table  II, 
and  the  Mount  Licos  limestone,  Table  I,  would  be  a8  follows : 

Clay, 

60.17X2.00=156.44  parts  calcium   oxide   required  by   silica  in    100  parts 

clay. 
22.65X1.10=  24.02  parts  calcium  oxide  required  by  alumina  in  100  parts 
clay. 
4.66X0.70=     3.26  parts   calcium   oxide   required  by   ferric  oxide  in    100 
~       parts  clay. 
184.62  parts  calcium  oxide  required  by  100  parts  clay. 
0.3 1 -f  ( 1.85X1.4)  =     2.90  parts  calcium  oxide  equivalent  to  calcium  and  magne- 
sium in  100  parts  clay. 

(1)  181.72  parts  calcium  oxide  to  be  added  to  100  parts  clay. 

lAm€8tone. 

55.62-h  (0.0X1.4)  =  55.62  parts  calcium  oxide  equivalent  to  calcium  and  magne- 
sium in  100  parts  limestone. 
0.36X2.60=0.941 

0.18X1.10=0.20 1  =     1.14  parts  calcium  oxide  in    100  parts  limestone  which   is 
0.0X0.70=0.00)  ~       not  available. 

(2)  54.48  parts  calcium  oxide  available  in  100  parts  limestone. 

Cement  mixture. 

n^  =  181  72 

/o(  ~    Ri\ift~^*^^^  parts  limestone  required  by  1  part  clay. 

The  limestone  and  clay  No.  1  combined  according  to  this  calculation 
give  tlie  following  results : 

Table  III. 

[The  figures  give  parts  of  the  materials  by  weight.] 


Clay  (No.  1) 
Limestone  . 

Burned 


Total. 

100 
338.6 

Individual  constituents. 

Silica    '  Alumina 
(SiO,).   1  (A1,0h). 

i 

Iron 

oxide 

(FesOs). 

4.66 

rAiHiim  i                   Volatile 
(CaO).  1  <^«^>-      ^{^;^ 

60.17 
1.27 

22.65 
0.60 

0.31            1.85          6.35 
185.49  ! 145.64 

j 

281.5 

21.83 

8.26 

1.65 

66.00  '          0.66   _. 

■ 

It  will  be  noticed  from  the  parts  by  weight  (percentage  composition) 
of  the  burned  product  that  the  content  of  lime  is  higher  than  that  of 
the  average  Portland  cement  which  is  about  60  to  63.5  per  cent. 

The  results  of  the  formula  represent  the  maximum  of  lime  which  a 
cement  can  carry,  if  it  were  manufactured  under  ideal  conditions.  In 
actual  practice  these  are  seldom  met  with,  and  it  is  therefore  necessary 
to  carry  the  lime  lower  than  that  indicated  by  the  formula.  Further- 
more, the  method  of  calculation  given  above  does  not  give  entire  sat- 
isfaction, since  there  are  two  undetermined  variables.     Limits  for  the 
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silica-alumina  (reBpectively  iron  oxide)  ratio  must  be  set.  There  are 
many  experiments  to  show  that  the  percentage  ratio  of  silica  to  alumina 
in  the  clay  must  be  from  3:1  to  4:1  or  2.5:1  to  3.5:1.  A  richer  clay 
than  this  will  have  a  lower  overburning  tetuperature  and  will  n^iN^ssarily 
carry  less  lime,  which  makes  a  poorer  cement. 

There  is  every  reason  to  believe  that  clay  No.  1  would  produce  a 
better  cement  if  silica  in  8t>me  shape  were  added  to  the  clay  base.  With 
the  increase  of  the  silica  content  at  the  expense  of  alumina  a  safer  cement 
would  be  produc»ed  in  that  the  overburning  temperature  would  be  in- 
creased. The  state  of  subdivision  of  the  free  silica  in  the  raw  materials 
used  for  this  purpose  is  an  extremely  important  consideration.  The 
sandstone  which  outcrops  above  the  coal  at  the  Compostela  mine  (No.  5, 
Table  II),  although  high  in  silica,  is  not  suited  for  this  purpose  in  that 
it  is  composed  of  oxides  of  iron  and  alumina  and  quartz  grains  so  large 
as  to  be  unsuitcd  to  cement  manufactun*.  Tests  show  this  sandstone, 
which  contains  approximately  73  per  cent  silica,  to  c*ontain  over  C5  per 
cent  free  silica.  Indeed  tests  are  unnecessary  to  prove  that  the  grt»ater 
part  of  the  silica  is  crystalline,  for  the  quartz  grains  are  visible  to  the 
naked  eye.  The  grains  are  very  loosely  held  together  and  can  Ikj  broken 
apart  by  rubbing  between  the  fingers  or  gently  in  a  mortar.  The  state 
of  subdivision  will  he  seen  from  the  following  table: 


Size  of 
sieve. 

Meshes  per 
centimeter. 

PMCd. 

Not  pawed. 

lUO 

40 

45 

80 

82 

r>7 

j          48 

m 

24 

76 

)         24 

no 

20 

IM 

1           ^ 

40 

16 

9S| 

u 

The  Romblon  srliist  (No.  9,  Table  II)  ought  to  be  satisfactory  for 
recom posing  the  clay  l)ase.  It  is  not  improbable  that  highly  siliceous 
materials,  similar  to  those  in  Ilorablon,  occur  along  tectonic  lines,  and  if 
so,  then  possibly  a  similar  schist  more  available  to  Cebu  might  be  found 
on  pomc  of  the  smaller  islands  lying  nearer  to  it.  In  fact,  schists  have 
been  found  on  Cebu  itself.  These  occur,  and  outcrop  only  in  a  few 
places,  along  the  Cordillera  under  the  capping. 

The  calculation  of  the  recomposition  of  clay  No.  1  with  schist  No.  9 

Ai    ^  silica  „  .         .  ,, 

so  that    ,       .      -      — 7 rrT=^  ^^  ^  *o\\owiM 

alumina  (res[).  iron  oxide) 

102  2\ 
Clay  Xo.  ;.— 22.65+ (4.66X|^(j  g)  =25.63  parts  alumina  equivalent 

to  alumina  and  iron  oxide  in  100  parts  clay. 

60.17__8ilica^2  846 
25.63    alumina 
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102.2 


Schist  No.  P.— 12.56+(1.15XyrQ^^^^^  parts  alumina  equivalent 


to  alumina  and  iron  oxide  in  100  parts  schist. 

=6.025 


80.12 
13.30" 


silica 
alumina" 


For  any  given  intermediate  ratio,  parts  of  each  must  be  combined 
inversely  in  proportion  as  the  found  ratio  varies  from  that  desired.  For 
a  ratio  of  3 :1  therefore,  0.654  (i.  e.,  3—2.346)  parts  of  schist  would  need 
to  be  combined  with  3.026  (i.  e.,  6.025—3)  parts  of  clay,  or  a  mixture 

(3  025       \ 
^  \    clay   No.    1   and   17.75   per  cent 


( 


0.654 


^)  schist  No.  9,  would  be  required. 


3.025+0.654/ 
Accordingly,  a  new  siliceous  material  would  be  obtained  as  follows : 

Table  IV. 

[The  figures  give  parts  of  the  materials  hy  weight.] 


Material. 


Individual  constituents. 

Per  cent. 

SiOj. 

AUOa. 

Fe,08. 

CaO.   '  MgO. 

i 

Loss  on 
ignition. 

82.25 
17.75 

49.50 
14.23 

18.62 
2.23 

3.84 
0.20 

0. 26        1. 52 
0.02        0.09 

5.23 
0.38 

100 

63.73 

20.  H5 

4.04 

0,28         1. 61 

1 

5.61 

Clay  (No.  1)  - 
Schist  (No.  9) 

Total_.- 


The  calculation  of  a  cement  mixture  from  this  recomposed  clay  base 
and  the  limestone  would  be  the  same  as  outlined  above  for  clay  No.  1 
and  the  Mount  Licos  limestone.  In  like  manner  each  clay  or  shale  of 
which  the  analysis  is  given  in  Table  II  can  be  recomposed  and  combined 
with  limestone  to  produce  a  raw  cement  mixture.  Cements  could  prob- 
ably be  satisfactorily  produced  from  many  of  the  siliceous  materials  and 
the  limestones  near  the  coal  fields,  but  I  am  of  the  opinion  that  it  would 
be  found  necessary  to  add  silica  to  most  of  these  materials  in  some  shape 
to  produce  a  wholly  satisfactory  cement. 

FUEL  FOR  BURNING   CEMENT. 

The  composition  of  the  ash  of  the  coal  has  not  been  considered  in 
preparing  the  above  figures,  but  the  relative  proportions  of  the  raw 
constitutents  may  be  varied  to  include  this  factor,  which  is  not  a  large 
one. 

The  chief  combustible  for  firing  cement  kilns  is  powdered  coal  of  the 
bituminous  variety.  It  must  contain  the  proper  quantity  of  volatile 
combustible  matter  to  render  it  easy  of  ignition  at  the  proper  height  in 
the  cylinder  in  order  to  produce  the  maximum  temperature  at  the  right 
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point.  The  coal  must  be  thoroughly  dried,  usually  by  rotary  driers 
heated  by  hot  air  from  the  clinker  coolers,  before  it  can  be  ground  to  a 
sufficient  degree  of  fineness.  Care  must  be  exercised  that  the  temperature 
does  not  rise  sufficiently  to  expel  volatile  combustible  constitutents  of  the 
coal.  It  is  of  especial  importance  to  consider  the  available  Philippine 
coals  from  the  point  of  view  of  their  usefulness  as  a  fuel  for  cement 
burning.  In  tlie  United  States,  the  Fairmont  coal  has  been  considered 
above  all  as  a  fuel  for  burning  cement.  Its  calorific  value  when  calculated 
to  the  dry  coal  is  about  7,900  calories.  Other  coals  of  less  calorific  value 
have  been  satisfactorily  used  as  a  fuel  for  burning  cement.  The  Philip- 
pine coals  when  calculated  to  the  dry  coal  would  have  approximately  the 
calorific  values  shown  below : 

1  Sourtt*.  C«lorl«ii.  I 


I    BaUn  Iidand.  lietts's 6,000 

BaUti  Iftland.  MiUUry  ReMervattott 6,800    | 

(Vbii  (\>inanKi    ,  7.100 

'    Follllo 6.«»    ■ 

AiMitralla 6.800    I 

J 

While  the  fuel  value  of  the  Philippine  coals  is  not  as  great  as  the 
well-known  gas  coal  of  Fairmont,  West  Virginia,  these  coals  appear  to  be 
as  good  under  these  conditions  as  many  at  present  in  use  and  as  any  at 
present  available  in  the  Philippines  or  neighboring  regions,  and  I  Am  of 
the  opinion  that  they  will  be  very  useful  as  a  fuel  for  burning  cement. 


THE  GOLD  FIELDS  OF  THE  SURIGAO  PENIN- 
SULA, MINDANAO. 


By  Maurice  Goodman. 


In  the  barrio  of  Tinabingan  on  the  west  coa«t  of  the  Bay  of  Placer, 
lives  a  small  community  of  Filipinos.  Tinabingan  is  chiefly  known  in 
the  Province  of  Surigao  for  its  former  activity  in  gold  washing.  Old 
and  abandoned  tunnels,  shafts,  and  ditches  evince  the  fact  that  this 
industry  at  one  time  must  have  engaged  a  great  number  of  people.  To- 
day the  only  mining  work  done  by  the  native  population  still  remaining 
consists  in  the  washing  of  the  black  sands  on  the  beach.  One  American 
miner  lived  and  worked  at  Tinabingan  at  the  time  of  my  visit  there. 
Working  absolutely  alone,  and  with  but  small  capital  at  his  command,  it 
is  not  at  all  surprising  that  this  one  man  could  show  but  a  very  limited 
amount  of  development  work  done,  particularly  as  he  had  been  unfor- 
tunate in  losing  a  large  part  of  his  work  as  a  result  of  slides  and  caves. 

The  country  rock  of  this  region  is  andesite,  intersected  by  a  system 
of  veins,  running  in  general  about  N.  55  E.  and  dipping  60°-70° 
toward  the  southeast.  Many  of  these  veins  are  mere  quartz  stringers 
less  than  1  centimeter  in  thickness.  In  general  the  walls  of  these 
stringers  have  become  silicified  to  a  greater  or  less  extent,  making  tlie 
limits  of  the  mineralization  very  indefinite. 

About  7  kilometers  northeast  of  Placer  is  the  small  Island  of  Cam- 
pin  a,  where  at  one  time  comparatively  extensive  mining  work  was  carried 
on.  On  the  southern  end  of  the  island,  about  60  meters  from  the  beach, 
is  the  mouth  of  the  main  tunnel  which  is  about  5  meters  wide  and  about 
10  meters  long.  This  tunnel  is  intersected  by  several  short  drifts,  run- 
ning in  all  directions  and  at  all  inclinations,  and  now  generally  caved 
and  in  a  dangerous  condition.  The  walls  of  the  workings  are  mostly 
covered  with  a  clay  gouge  and  no  distinct  vein  can  be  observed  any- 
where. It  is  possible  that  here,  as  in  Tinabingan,  the  natives  had  dis- 
covered comparatively  rich  but  very  narrow  stringers  of  quartz,  and  had 
followed  them  until  the  values  had  petered  out,  or  else  the  abandonment 
was  caused  by  the  flooding  of  the  workings,  for  the  floor  of  the  main 
tunnel  is  only  about  3  meters  above  sea  level,  and  the  lower  workings  were 
flooded  at  the  time  of  my  visit.  Numerous  samples  were  taken  from 
40 
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what  appeared  to  be  the  most  probable  pay  streaks,  but  the  assay  results 
are  so  extremely  low  that  the  wonder  is  that  even  the  natives  could  have 
found  this  mining  profitable  or  sufficiently  encouraging  to  have  done  as 
much  work  as  they  have. 

About  16  kilometers  south  of  the  town  of  Surigao,  at  the  head  of  the 
Causuran  and  Biga  Creeks,  both  tributaries  of  the  Surigao  River,  exists 
an  old  placer  district  that  has  been  worked  by  Spaniards  and  Filipinos 
for  a  long  but  an  indefinite  period  of  time.  Many  of  the  wealthier  fami- 
lies in  and  about  the  town  of  Surigao  possess  heirloom  nuggets,  some 
as  large  as  a  twenty-dollar  gold  piece,  which  were  obtained  in  the 
Surigao  gold  fields  in  bygone  days.  At  the  present  time  but  few  people 
are  engaged  in  this  business  continuously,  and  these,  working  on  a  small 
scale  and  with  the  crudest  facilities,  make  but  little  more  than  a  living 
from  their  operations.  Causuran  Creek,  from  its  junction  with  the 
Biga  its  source  at  Mount  Binutong,  everywhere  shows  signs  of  old 
workings  in  the  form  of  excavations,  ditches,  and  ground  sluices.  Great 
quantities  of  large  boulders,  generally  chloritized  or  serpentinized,  and 
smaller  ones  consisting  almost  entirely  of  quartz,  are  to  be  found  in  the 
bed  of  the  creek.  The  banks  of  the  creek  are  mostly  slate,  striking 
approximately  N.  66°  W.  and  dipping  at  varying  angles  but  usually 
toward  the  northeast.  Going  toward  the  south  or  head  of  the  creek,  the 
slate  becomes  more  and  more  altered  by  chloritization  and  folding,  with 
the  development  of  prominent  and  important  cleavage  planes. 

The  benches  that  are  worked  are  as  a  rule  situated  10  to  30  meters 
above  the  creek,  and  the  gravel,  which  appears  to  be  the  result  of  surface 
disintegration  and  erosion  of  the  country  rock,  consists  mostly  of  chloritic 
schist,  this  being  also  the  base  rock  of  the  ground  sluices. 

The  system  of  working  is  about  as  follows :  One,  two,  or  more  streams 
of  water  are  turned  on  the  bench  which  is  to  be  worked,  and  this  washes 
the  finer  stuff  into  the  ground  sluice.  The  larger  boulders  are  moved 
by  hand,  and  are  used  for  building  the  foundation  of  the  retaining  walls 
for  the  finer  waste  gravel.  No  artificial  riffles  are  used  or  needed  in  the 
sluice.  The  wash  water  is  brought  from  the  nearest  gulley  or  from  some 
upper  workings,  by  means  of  1  or  2  meter  lengths  of  bark  troughs,  6  or 
7  centimeters  in  diameter.  This  water  is  allowed  to  play  on  the  gravel 
for  four  or  five  days,  during  which  time  the  laborers  assist  the  breaking 
up  of  the  gravel  with  short  crowbars,  and  by  the  removal  of  the  large 
boulders  by  hand. 

Usually  on  the  last  day  of  the  week,  the  ground  sluice  is  cleaned  up. 
First  the  lower  part  of  the  sluice  is  cleaned  out  and  opened  up  so  as  to 
afford  sufficient  grade  and  clearance  for  the  gravel.  The  water  is 
allowed  to  run  free  on  the  bank  and  no  new  dirt  is  washed.  The  fine 
sand  and  gravel  in  the  sluice  is  then  thoroughly  worked  up  with  crow- 
bars, short  wooden  paddles,  hemispherical  coconut  shells,  and  with  the 
bare  feet.     The  coarser  stuff  is  picked  up  in  the  shell,  partially  washed 
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and  drained  through  a  hole  in  the  shell  which  serves  also  as  a  finger  hold, 
and  then  thrown  to  the  top  of  the  waste  pile.  The  very  finest  and 
lightest  sand  and  slime  passes  down  the  sluice,  leaving  Qotbing  but  the 
heaviest  sand  including  the  gold.  The  bed  rock  itself  is  scraped  up  with 
the  aid  of  crowbars  to  the  thickness  of  1  or  2  centimeters. 

As  soon  as  the  water  runs  clear  over  tlie  bottom,  panning  is  begun,  the 
start  being  made  at  the  face  of  the  bank  nean^t  the  water  spout  and 
continued  down  the  sluice  6  to  8  meters  or  until  no  more  colors  are 
obtained.  Where  there  is  too  much  water  or  it  is  too  dirty,  the  womai 
splash  the  water  to  get  a  clearer  view  of  the  bottom.  The  women  are 
very  expert  in  the  use  of  the  bilingan  or  wooden  batea,  and  this  process 
could  hardly  be  improved  upon,  but  in  the  handling  of  their  waste  rock 
there  seems  to  be  much  room  for  improvement.  By  the  use  of  a  giant  or 
even  a  good  hose,  a  great  deal  more  dirt  could  be  handled  and  with  greater 
convenience  than  is  being  done  at  present.  The  bark  troughs  lie  directly 
on  the  bench  to  be  washed,  and  the  water  passing  through  the  trough 
comes  into  immediate  contact  with  the  gravel  and  merely  washes  over  it, 
thereby  losing  a  great  deal  of  its  initial  force  of  impact.  To  handle  the 
gravel  after  it  is  washed,  modern  picks  and  forked  shovels  would  be  a 
decided  improvement  over  the  paddle  and  coconut  shell,  particularly  if 
used  in  connection  with  plank  staging  for  heights  greater  than  2  or  2^ 
meters. 

The  gravel  is  about  2^  to  3^  meters  deep,  while  the  waste  gravel  bank 
is  usually  about  half  a  meter  higher.  It  is  estimated  that  about  8  per 
cent  of  the  gravel  is  over  O.G  meter  in  diameter,  some  of  the  largest 
boulders  being  as  much  as  a  meter  through  their  longest  dimension. 
About  30  per  cent  of  the  gravel  is  estimated  to  be  from  0.06  to  0.6  meter 
in  diameter  and  the  remainder  is  pebbles,  sand,  and  fine  material. 

Numerous  igneous  boulders  are  to  be  found  in  the  gravel,  and  the 
origin  of  these  is  acredited  to  Mount  Canmahat,  a  prominent  conical  hill 
arising  from  the  valley  of  the  Surigao  River  near  the  head  of  Causuran 
Creek,  to  an  elevation  of  about  180  meters  above  the  creek.  This  hill 
has  all  the  appearance  of  a  small  extinct  volcanic  cone;  the  summit  and 
upper  slope  are  composed  entirely  of  andesite,  but  about  100  meters 
below  the  summit  the  underlying  shale  appears.  Curiously  enough  the 
upper  courses  of  the  underlying  shale  both  at  Canmahat  and  the  neighbor- 
ing hill  Binutong,  are  less  chloritized  and  otherwise  altered  than  the 
deeper  seated  shale.  Gravel  washing  begins  at  a  depth  of  40  to  50 
meters  below  the  contact  of  the  shale  and  andesite.  The  igneous 
boulders  are  usually  more  numerous  than  those  of  the  schistose  variety, 
and  generally  lie  above  them,  the  latter  evidently  being  more  nearly  in 
place. 

Gold  can  be  panned  from  the  surface  down,  but  the  colors  obtained 
from  the  top  gravel  are  extremely  fine  and  mostly  lost  by  the  methods  of 
mining  in  vogue.    Most  of  the  gold  comes  from  the  lowest  course,  not 
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only  because  of  the  concentration  which  would  naturally  take  plac^  on 
bed  rock,  but  also,  I  think,  because  the  gold  is  derived  from  the  very 
fine  quartz  and  calcite  stringers  which  so  thoroughly  but  irregularly 
intersect  the  chloritic  schist  bed  rock.  Two  varieties  of  gold  are  obtained 
on  Causuran  Creek,  in  varying  proportions  depending  upon  the  location. 
One  is  the  ordinary  rounded  and  smoothly  worn  grain,  while  the  other, 
somewhat  lighter  in  color,  is  very  markedly  crystalline  and  with  sharp 
edges,  and  frequently  contains  inclusions  of  both  calcite  and  quartz.  The 
latter  undoubtedly  comes  from  the  disintegration  of  the  bed  rock  and  the 
subsequent  crushing  of  the  fine  intersecting  stringers  of  calcite  and  quartz, 
at  or  nearly  in  place. 

In  four  days  of  mining  and  one  day  spent  in  cleaning  up  the  sluice, 
a  native  miner,  assisted  by  his  wife  and  two  male  helpers,  washed  ap- 
proximately 7.5  cubic  meters  of  gravel,  cleaning  up  therefrom  260  grams 
of  gold  valued  at  1P15.60,  equivalent  to  about  'P2.08  per  cubic  meter. 
This  was  considered  as  an  average  run  and  will  give  an  idea  of  the  richness 
of  the  gravel  and  what  might  be  accomplished  if  mining  were  undertaken 
on  a  large  scale  and  with  such  modern  hydraulicking  methods  as  are 
practiced  in  California. 

The  smaller  tributary  creeks  contain  no  water  except  during  the  rainy 
season,  but  the  larger  creeks,  such  as  the  Causuran,  the  Bigaa,  and  the 
Tagunaan  (or  Caningan),  are  fairly  large  water  courses  and  probably 
never  run  absolutely  dry.  The  last  two,  by  the  way,  showed  about  as 
good  results  in  panning  as  did  the  first^  yet  very  little  mining  is  done 
at  present  except  in  Causuran  Creek. 


NONMETALLIC  MINERAL  PRODUCTS- 
STRUCTURAL  MATERIAL. 


By  Gk^bor  I.  Adams. 


Tlie  recent  ecoiuunic*  (levelopmeiit  of  the  Pliilippiues  ha«  required  the 
expenditure  of  lar^e  sums  of  money  for  the  eonstruction  of  roads  and 
bridges,  railways,  harbor  and  river  improvements,  and  public  buildings, 
all  of  whieh  have  created  a  demand  for  structural  materials.  The  value 
of  the  nonmetallic  products  used  in  this  way  during  recent  years  has  far 
exceeded  the  combined  value  of  the  metallic  and  miscellaneous  non- 
metallic  products.  In  this  report  the  first  attempt  is  made  to  estimate 
the  value  of  a  number  of  structural  materials  which  have  previously  been 
omitted  because  of  the  lack  of  statistics.  The  returns  as  reported  in  reply 
to  official  lettei-s  of  inquiry  have  l)ec*n  rather  meager,  but  with  the  coopera- 
tion of  the  larger  j)roducer8  and  consumers  a  fairly  satisfactory  estimate 
has  been  obtained. 

S1X)NE. 

Under  this  head  the  production  of  cut  stone,  building  stone,  marble, 
crushed  stone,  gravel,  and  artificial  stone  is  given. 

Cut  stone. — The  only  place  in  the  Islands  where  cut  stone  has  \m:n 
reported  as  being  used  during  the  year  1908  is  in  facing  the  dam  at 
the  headwaters  of  the  Manila  water  supply.  The  material  is  a  hard, 
fine-grained  limestone  which  has  been  previously  employe<l  to  a  limited 
extent  in  Manila  and  may  be  found  used  in  part  in  the  General  Blanco 
and  Maura  bridges,  as  bases  of  columns  in  the  Santo  Domingo  Church, 
in  the  sidewalk  at  the  corner  of  Alix  and  Alejandro  Streets  and  in 
the  floor  of  the  San  Sebastian  Church.  It  has  grayish  to  bluish  and 
yellowish  tinges,  which  uneven  coloring  renders  it  unsatisfactory  as  an 
ornamental  stone,  and  the  presence  of  fracture  lines  which  develop  con- 
spicuously on  weathering  rctjuirc  very  (rareful  selection  of  blocks  for  struc- 
tural use.  A  small  amount  of  stone  was  cut  during  the  year  1908.  The 
construction  of  the  waterworks  dam  is  still  in  progress.  In  some  of  the 
older  buildings  in  Manila  cut  stone  from  near  the  Sisiman  quarry  (a 
gray  andesite)  was  used,  as  for  example  in  the  Spanish  Bank  building. 
The  granite  used  in  stairways  and  in  paving  patios  and  entrances  in  some 

of  the  better  older  buildings  was  imported  from  China. 
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Building  stone, — In  the  vicinity  of  Manila  a  water-laid  volcanic  tuff 
i8  used  extensively  as  a  building  stone.  Similar  material  occurs  at  many 
other  places  in  the  Islands,  and  this  is  practically  the  only  stone  employed 
extensively  in  the  Islands.  It  has  a  low  crushing  strength  and  is  not 
of  good  quality  for  structural  work,  but  it  is  very  easily  quarried  since  it 
can  be  cut  with  an  ax  or  bolo,  and  in  the  vicinity  of  Manila  can  be 
conveniently  transported  by  rivers  and  esteros.  It  is  commonly  called 
"dhobe^^  stone  and  the  trade  nam6  of  the  product  near  Manila  is  "Guada- 
lupe stone/'  taking  its  name  from  the  barrio  of  Guadalupe  where  there 
are  established  quarries.  "Meycauayan  stone''  from  near  the  town  of 
Meycauayan,  north  of  Manila,  is  very  similar,  although  reported  to  be 
somewhat  better  in  character.  Stone  from  coralline  limestone  and  coral 
from  coral  reefs  is  used  in  a  small  way  in  many  coast  towns. 

Marble, — The  marble  found  in  Rorablon  Island  has  previously  been 
used  to  a  limited  extent  for  ornamental  and  structural  purposes.  At 
present  the  only  use  of  it  is  in  the  making  of  artificial  stone,  in  which 
small  fragments  are  imbedded  in  a  cement  matrix  and  subse(Juently 
polished.  The  value  of  the  material  so  employed  is  insignificant.  It  is 
probable  that  the  Romblon  marble  will  come  into  future  use,  but  before 
it  can  compete  with  foreign  marbles  it  will  be  necessary  to  install 
machinery  for  cutting  and  polishing  it. 

Paving  stone. — Under  the  Spanish  regime  granite  blocks  for  paving 
and  for  sidewalks  were  imported  from  China,  also  basalt  paving  blocks 
from  Talim  Island  and  a  considerable  quantity  of  andesitic  paving 
blocks  from  near  Sisiman  were  employed  in  Manila.  At  present  Belgium 
blocks  are  being  replaced  in  certain  of  the  streets  of  Manila  by  wooden 
blocks,  and  experiments  are  being  carried  on  by  the  city  engmeer  as  to 
the  suitability  of  cement  paving  blocks. 

Crushed  stone. — The  city  of  Manila  has  a  well  administered  plant 
on  Talim  Island  for  producing  crushed  stone  to  be  used  in  macadamizing 
streets.  This  quarry  produced  close  to  50,000  cubic  meters  during  the 
year  1908. 

The  only  large  commercial  quarry  in  the  Islands  is  located  at  Sisiman, 
near  Mariveles,  on  the  north  shore  of  the  entrance  to  Manila  Bay.  This 
quarry  was  opened  for  the  express  purpose  of  obtaining  stone  for  the 
construction  of  the  Manila  breakwater  and  harbor  improvements,  but 
has  since  continued  in  operation  and  during  the  present  year  has  supplied 
a  large  amount  of  crushed  stone  for  the  construction  of  sewers  and 
other  contract  work  in  Manila.  Crushed  stone  was  also  produced  on 
Corregidor  and  Grande  Islands  for  use  in  the  construction  of  fortifi- 
cations by  the  United  States  Army  engineers,  and  at  Olongapo  for  the 
construction  of  buildings  and  wharves  by  the  Navy.  By  far  the  largest 
amount,  however,  has  been  used  throughout  the  provinces  in  the  building 
of  roads,  bridges,  and  public  buildings  under  the  direction  of  the 
Bureau  of  Public  Works,  and  to  a  limited  extent  by  the  municipalities. 


4t 


ORAVCL. 


The  Manila  and  Dagupau  Kailway  Company  and  the  Philippipe 
Railway  Company  liave  used  principally  gravel  for  ballasting  their 
newly  constnicted  lines  and  for  maintenance.  .  In  the  provinces  gravel 
Jias  been  used  by  the  Bureau  of  Public  Works  in  constructing  most  of 
the  roads  and  largely  in  the  maintenance  of  them,  since  adequate  equip- 
ment has  not  been  available  for  crusliing  stone,  and  in  many  cases  the 
^avel,  although  not  so  desirable  a  material,  is  decidedly  cheaper. 
Gravel  has  also  been  used  for  concrete  work  throughout  the  Islands.  In 
the  city  of  Manila  a  large  amount  has  been  obtained  for  general  con- 
struction work  by  dredges  operating  in  the  Pasig  River. 

SAND. 

Sand  for  concrete  work  in  Manila  is  usually  obtained  from  the  Pasig 
River  by  dredging.  It  is  a  pebble  sand  resulting  from  the  decomposi- 
tion of  igneous  rocks  and  contains  a  large  amount  of  basaltic  material. 
Some  sand  of  poor  quality  was  obtained  by  dredging  in  front  of  the 
coal  pockets  at  Sangley  Point  near  Cavite.  For  the  construction  of 
fortifications  sand  was  obtained  from  beaclies  near  the  entrance  to  Manila 
Bay  and  Subic  Bay.  Throughout  the  provinces  sand  is  obtained  locally 
from  the  rivers  and  beaches  at  the  most  convenient  j)oints. 

In  general  the  sands  are  pebble  sands  and  frequently  contain  but  a 
small  percentnge  of  (juartz.  The  rivers  which  flow  from  the  Western 
Cordillera  of  Luzon  (Zambales  Cordillera)  contain  a  sand  with  a  large 
percentage  of  quartz,  and  this  class  of  sand  at  Tarlac  came  into  prom- 
inence because  of  its  excellent  quality  and  was  at  one  time  recom- 
mended as  a  standard  sand  for  the  Philippine  Islands.  The  cost  of 
transportation  from  this  place  to  Manila  or  other  points  where  it  could 
be  largely  used  is  prohibitive. 

In  the  northwest  corner  of  Manila  Bay  at  the  mouth  of  the  Orani 
River  a  good  sand  of  the  same  character  as  the  Tarlac  has  been  found  and 
will  probably  come  into  use  in  Manila  for  certain  purposes  where  superior 
sand  is  required. 

LTME. 

The  most  important  place  in  the  Islands  where  limestone  is  burned 
for  lime  is  to  the  northeast  of  Binangonan,  a  town  on  Lake  Bay,  at 
which  place  the  industry  has  long  been  established.  The  product  is 
shipped  to  Manila  as  slaked  lime.  The  manufacture  of  lime  from 
limestone  is  carried  on  to  a  smaller  extent  in  other  places  for  local  use. 
On  the  beach  near  Manila  at  Malabon  shells  are  burned  for  lime,  and 
throughout  the  Islands  shells  and  coral  from  the  sea  beaches  are  com- 
monly used  for  this  purpose.  The  amount  of  lime  produced  has 
probably  not  decreased  since  the  introduction  of  cement  construction, 
since  there  has  been  a  large  impetus  in  the  building  industry.     At 
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present  lime  is  burned  in  piles  and  is  partially  slaked  before  it  is  put 
upon  the  market.  To  supply  the  market,  especially  at  Manila,  it  would 
be  desirable  to  establieh  lime  kilns  to  furnish  unslaked  lime.  There  is 
an  appreciable  demand  for  lime  as  a  disinfectant  and  to  be  effective  it 
should  be  unslaked. 

Besides  the  use  of  lime  as  a  stiiictural  material  and  disinfectant  a 
small  amount  is  used  in  the  manufacture  of  sugar  and  a  less  important 
amount  is  consumed  in  the  chewing  of  betel  nut. 

CLAY   PRODUCTS. 

Brick, — There  are  a  number  of  brick  kilns  near  Manila  which  produce 
soft  brick,  and  throughout  the  Islands  there  are  many  kilns,  but  the 
burning  of  brick  is  an  intermittent  industry,  and  it  is  very  difficult 
to  obtain  satisfactory  statistics  concerning  the  value  of  the  production. 
With  the  introduction  of  cement  construction,  brick  has  fallen  into 
disfavor,  because  brick  walls  do  not  sufficiently  resist  earthquakes.  No 
vitrified  brick  is  produced  in  the  Islands,  but  there  is  at  present  a  demand 
for  it  at  a  reasonable  price  for  paving  streets. 

Tiling. — Ordinary  red  roofing  tiles  are  produced  to  a  limited  extent 
near  Manila  and  some  tiles  for  paving  floors  and  areaways.  There  are, 
however,  two  firms  which  are  manufacturing  cement  roofing  tiles  and 
ornamental  tiles  for  paving  floors  and  for  wainscoting,  sidewalks,  and 
areas.  They  have  largely  driven  out  the  use  of  tiling  burned  from  clay. 
In  addition  to  the  manufacture  of  tiling,  these  firms  are  also  making 
cement  sewer  pipe,  drain  pipe,  and  cable  conduit.  There  are  no  kilns 
in  the  Islands  which  produce  vitrified  products.  There  are  undoubtedly 
suitable  materials  at  some  places  and  there  is  a  promising  future  for  tlie 
establishment  of  this  industry. 

The  city  of  Manila  and  some  of  the  principal  municipalities  have 
imported  a  large  amount  of  vitrified  sewer  pipe. 

Pottery, — Ordinary  red  pottery,  such  as  cooking  utensils,  water  jars, 
and  small  dishes,  is  the  only  class  at  present  manufactured  in  the  Is- 
lands. In  addition  earthenware  receptacles  called  "pelons,*'  into  which 
crude  sugar  is  poured  for  cooling  in  the  form  of  ^^sugar  hats,"  are 
required  in  the  manufacture  of  sugar.  Near  Manila  there  are  a  number 
of  kilns  for  the  burning  of  water  jars  and  larger  earthenware  utensils, 
and  throughout  the  Islands  there  are  a  few.  '^llie  kilns  for  burning  the 
"pelons"  are  distributed  in  the  sugar  districts,  but  the  jnaking  of  most 
of  the  small  pottery  is  a  household  industry  which  is  usually  carried  on 
by  women.  The  pottery,  after  being  molded  and  tempered  by  drying, 
is  piled  on  the  ground  and  burned  under  a  covering  of  straw  or  other 
light  fuel.  Certain  towns  are  noted  for  the  production  of  pottery  and 
in  passing  through  them  one  hears  a  constant  beating  of  the  pots  as 
they  are  shaped  by  hand. 
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It  is  manifestly  difficult  to  obtain  statistics  concerning  an  industry 
carried  on  in  this  manner,  or  even  to  form  an  accurate  estimate  of  the 
value  of  the  production. 

Clay. — There  are  many  places  in  the  Islands  where  clay  is  obtained 
for  making  a  sort  of  cold-water  paint  or  whitewash  for  painting  houses. 
The  natives  call  this  clay  "yeso/*  whicli  might  lead  one  to  suppose  from 
the  word  that  it  is  gypsum.  However,  no  commercial  deposits  of  gypsum 
are  known,  and  in  so  far  as  examined  the  material  more  closely  ap- 
proaches kaolin,  which  has  resulted  from  the  decomposition  of  igneous 
rocks  often  aided  by  the  action  of  hot-water  springs  and  solfateras. 
Certain  of  these  clay  deposits  are  suitable  for  the  manufacture  of  pottery 
and  an  attempt  is  being  made  by  the  Bureau  of  Education  to  establish 
schools  for  instruction  in  the  pottery  industry.  Some  clay  is  used  in 
the  making  of  putty  and  for  calking  native  boats.  From  the  Province 
of  Laguna  a  production  of  59.5  metric  tons  is  reported,  and  from  Pan- 
gasinan  a  producion  of  79.3  metric  tons. 

CEMENT. 

No  cement  is  manufactured  in  the  Philippine  Islands.  There  are, 
however,  several  localities  where  the  materials  and  the  necessary  fuel  can 
be  found,  and  considerable  analytical  work  has  lieen  done  by  the  Bureau 
of  Science  in  testing  samples  of  limestone,  shales,  etc.,  which  have  been 
submitted  by  those  who  have  investigated  the  feasibility  of  establishing  the 
industry.  Dr.  W.  D.  Smith,  chief  of  the  division  of  mines,  has  repeatedly 
called  attention  to  the  fact  that  in  the  Islands  of  Cebu  and  Batan  shale, 
limestone,  and  coal  are  found  in  abundance  in  close  proximity. 

The  total  value  of  the  cement  imported  into  the  Islands  for  the  fiscal 
year  1908  was  approximately  1^=1,384,202,  which  indicates  a  consumption 
large  enough  to  warrant  the  establishment  of  a  profitable  business. 

Table  I.—Nonmetallic  mineral  products,  1908— -Structural  materiaU^ 


I'rcKlucts.  Vftlue. 

SUme ri49.980 

Gravel ;      »7J.8«> 

Siind »^.000 

Lime 20,000 

Clay  product* 42l,e3S 


ToUl ;      «»».»»» 


*  The  estimates  do  not  include  any  cost  of  transportation. 
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Order  PELECAXIFORMES. 

OO&MOBAKT,  DABTEB8,  GAKKETS,  FBIOATE  BntBB^  AKD  PELIOAHS. 

Bill  strong,  either  sharply  pointed  or  hooked  at  tip;  nostrils  wanting 
or  obsolete;  neck  moderate  to  very  long;  all  the  toes  united  by  a  web; 
chin  naked  and  forming  a  more  or  less  distensible  pouch.  Birds  of  large 
size,  seagoing  and  fish-eating.  The  totipalmate  feet  and  obsolete  nostrils 
are  the  most  obvious  peculiarities  of  this  order.*  Eggs  bluish  or  white, 
with  a  white  chalky  covering. 

Families. 

a*.  Tail  not  forked ;  webs  between  toes  entire  or  but  slighty  emarginate. 
6*.  Bill  subcylindrical ;  gular  pouch  small. 

c\  Bill  strongly  hooked Phalacrocoracidse   (p.  200) 

c^  Bill  sharply  pointed. 

d}.  Neck  longer  than  body;  bill  slender,  culmen  nearly  straight. 

AnhingidK  (p.  202) 
cP.  Neck  about  one-half  as  long  as  body;  bill  heavy;  culmen  decurved  for 

terminal  fourth  Snlidae  (p.  203) 

6*.  Bill  greatly  flattened,  widened  near  tip;  gular  pouch  very  large. 

Felecanidse  (p.  208) 
a*.  Tail  deeply  forked;  webs  between  toes  deeply  incised Fregatidse  (p.  206) 

Family  PHALACROCORACIDa:. 

Bill  long  and  heavy;  basal  portion  of  culmen  slightly  concave,  tip 
strongly  decurved  and  hooked;  neck  rather  long;  wings  ample  but  not 
reaching  beyond  base  of  tail,  the  latter  rather  long,  its  feathers  graduated 
and  stiff;  plumage  largely  black,  at  times  partly  white. 

Genus  PHALACKOCOEAX  Brisson,  1760. 
Characters  same  as  those  given  for  the  Family. 

166.  PHALACROCORAX   CARBO    (Linnaus). 
GOMMOK  COBMOBANT. 

Pelecanus  carlo  Linnaeus,  Syst.  Nat.  ed.  10   (1758),  1,  133. 

Phalacrocorax  carho  Grant,  Cat.  Birds  Brit.  Mus.  (1898),  26,  340,  text  fig. 
1;  Gates,  Cat.  Birds*  Eggs  (1902),  2,  198;  Shabpe,  Hand-List  (1899), 
1,  232;  McGbeqob  and  Worcester,  Hand-List  (1906),  39. 

Ca-si'li,  Manila,  also  applied  to  the  dater. 

Calayan  {McGregor)  ;  Luzon  {McGregor)  ;  Ticao  {McGregor),  Europe,  Africa, 
northern  Asia,  Greenland ;  eastern  North  America  south  to  Georgia ;  Indian  Penin- 
sula to  China  and  Australia. 

Adult  in  breeding  plumage, — Almost  entirely  black,  with  a  slight  oil- 
green  gloss  on  neck  and  under  parts;  chin  dirty  white,  this  color  con- 
tinued baclrv\^ard  and  upward  on  each  side  of  neck  to  back  of  eye,  forming 

*  The  Phcpthontido!  have  the  nostrils  open  and  the  interramal  space  feathered. 
No  member  of  this  family  has  been  reported  from  the  Philippine  Islands. 
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MORO  PIBATES  191 

With  him  came  two  other  datus,  Muluk  and  Nukila.  But  Datu  Tating  took 
care  to  show  only  part  of  his  numerous  followers,  concealing  the  rest  in  the 
Island  of  Banguey,  and  even  in  some  recesses  of  Balambangan,  which,  being 
covered  with  wood,  as  those  islands  generally  are,  there  was  no  great  fear  of 
discovery. 

Surmises,  however,  had  some  days  begun  to  spread  reports  of  a  plot,  while 
Tating  proceeded  with  such  address,  that  the  chief  and  council,  who  were  not 
without  their  suspicious,  apprehended  no  danger  very  nigh. 

During  the  night  strict  watch  was  kept  all  over  the  settlement.  At  dawn, 
the  gun,  as  usual,  announced  the  morning,  and  for  a  few  moments  tranquillity 
reigned.  A  house  at  some  small  distance  suddenly  fired  proved  the  signal  to  the 
Sulus.  They  rushed  into  the  fort,  killed  the  sentries,  and  turned  the  guns 
against  the  Bugis  guard.  The  few  settlers,  lately  rendered  fewer  by  death, 
were  fain  to  make  their  escape  in  what  vessels  they  could  find.* 

The  governor  and  five  others  escaped  on  board  a  vessel,  leaving  behind 
a  great  quantity  of  arms  and  wealth.  The  English  factors  who  were  at 
Jolo  fled  in  a  Chinese  junk.  In  the  same  year  Tating  attempted  a 
similar  attack  on  Zamboanga,  but  failed.  During  1776  and  1777  he 
and  other  Sulus  harassed  the  Bisayas  and  ravaged  the  coast  of  Cebu. 

MORO  PIRATES. 

Sultan  Israel  was  poisoned  in  1778  by  his  cousin  Alimud  Din  II, 
the  son  of  Bantilan.  During  the  reign  of  Sultan  Alimud  Din  II,  hos- 
tilities between  Sulus  and  Spaniards  increased,  and  for  the  period  of  ten 
years  or  more  traffic  between  Luzon  and  the  southern  islands  was  para- 
lyzed. About  500  Spanish  and  native  Christians  were  every  year  carried 
into  captivity  by  the  Moros.  The  government  was  greatly  exercised 
over  this  grave  situation,  and  in  1789  the  Captain-General  Mariquina 
reported  to  the  King  that  "war  with  the  Moros  was  an  evil  without 
remedy." 

In  the  latter  part  of  1789  Sharapud  Din,  the  son  of  Alimud  Din  I, 
ascended  the  throne  of  Sulu.  While  a  youth  he  was  imprisoned  with 
his  father  in  Zamboanga  and  accompanied  the  latter  to  Manila.  Very 
little  is  known  of  his  reign  except  that  he  was  animated  by  the  same 
spirit  and  principles  which  characterized  his  father^s  reign  and  that  of 
his  brother  Israel.  He  coined  money,  and  one  of  his  coins  which  was 
obtained  from  Jolo  bears  the  date  1204  A.  H.,  which  was  probably  the 
date  of  his  succession.  Sultan  Sharapud  Din  was  followed  by  his  sons 
Alimud  Din  III  and  Aliyud  Din  I. 

The  continued  presence  of  the  Moros  in  Mindoro,  where  they  haunted  the  bays 
and  rivers  of  both  east  and  west  coasts  for  months  at  a  time,  stealing  out  from 
this  island  for  attack  in  every  direction,  was  specially  noted  by  Padre  Zufiiga, 

*  A  Voyage  to  New  Guinea,  Capt.  Thomas  Forrest,  pp.  336-337. 
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STATISTICS  OF  PRODUCTION. 


Table  I. — Mineral  production  in  VJOi), 
[In   pesos"  Philippine  currency.] 


(iold. 


Albay 

AnibosCamarincs 

HulacHii 

Ilocos  Sur 

llocos  Norte 

Masbatc... 

Mindanao  (SuriKHo) 
Mountain  rroviiicc 

Nuova  Kcija 

I'an«:asinRn  

TaVMbas . 


210.701 
1 .  42r> 


Silver. »■  ;  Copper. 


ManKii- 


My?.  181 


12,  ^m 


Total  . 


io,6tm 

7,2()i)    . 

2jm  . 

MO  i 

i».»r).  iiM    . 


(') 


12.r»0()       1**7,184 


Total  metallic  with  coal  736.966 

Total  nonmetalllc  1,604.091 


Grand  total  2,240.047 

Tahlk  II. — Comparative  statement  of  mineral  production  in  1901^  J008,  and  IDOIK 
[In  pesos  Philippine  currency,] 


\'car. 


CJobl. 


Silver.         ('«.p|KT. 


Inm. 


Coal. 


ManKa 


.Nnnnit'lnllic 


1<»07  . 

IWS.- 

1*K)*>-- 


i3l,r^XJ       2.7")0.(I0 


2«i,79'.»  ' 

17, /HK)         77,10(5  : 
31,07«  i     197,181  ■ 


M!.*.,«UM 


12,f)00  i       1,WI,U91 


«  One  peso  Philippine  currency  is  equal  to  fifty  rents  United  States  currency. 

»•  Some  silver  generally  found  alloyed  with  Philippine  gold.      None  Is  mined  separately. 

^  .30,336  tons,  at  6.50  pesos  per  ton. 

^  No  mills  running. 

*  Small  amount  smelted  by  Igorots. 

'  Not  estimated  separately. 


INTRODUCTION. 


The  production  of  gold  in  1909  sliows  only  a  slight  increase  over  the 
preceding  year.  A  careful  investigation  of  the  facts  demonstrates  that 
this  is  not  an  unhealthy  sign.  The  chief  cause  of  the  apparent  setback 
in  Benguet  ^vas  due  to  severe  floods  which  for  a  time  crippled  the  two 
largest  plants.  However,  another  reason  is  found  in  the  fact  that  the 
operators  of  mines  have  reached  the  conclusion  that  a  large]'  amount  of 
work  than  formerly  should  he  expended  on  development,  rather  than  as 
at  present  in  operating  mills.  An  encouraging  amount  of  underground 
work  is  now  being  done  on  the  majority  of  the  properties,  and  in 
some  cases  some  very  large  bodies  of  ore  are  blocked  out.  Those  who 
have  waited  the  longest  before  j)utting  up  mills  have  not  only  the 
advantage  of  large  blocks  of  ore,  but  also  can  utilize  the  experience  of 
others  who  have  operated. 

The  increase  in  the  coal  output  is  very  satisfactory^  as  is  also  the 
awakened  interest  in  other  deposits  such  as  oil,  sulphur,  and  iron. 
Copper,  too,  js  receiving  close  attention.  Perhaps  the  greatest  interest 
of  the  year  has  been  in  the  'J'ayabas  oil  fields.  Many  claims  have  been 
located  on  the  })eninsula.  Iiccently  an  oil  rig  was  shipped  to  the  region, 
and  it  is  hoped  that  encouraging  results  will  soon  be  obtained. 

The  Bureau  of  Science  wishes  to  express  its  thanks  to  all  who  have 
cooperated  with  it  in  making  the  publication  of  this  bulletin  possible. 
8 


Phiuppinb  Mineral  Rbsources.  1909.] 


?d- 


J^o.., 


-T — r 


...M^^ 


-^- 


BATANCS   IS. 


babuyaScs 
0 


MAP  or 


Sail  F<Tti 


/■- 


IMllLIIMMNK    IS. 

PRINCIPAL  MINERAL  DISTRICTS 

AND  OtSTRtSUliON  Of 

KNOWN   COAL  FIELDS 

PHtPARC  0  8^ 

Division  or  mincs.Oukiau  or  f>cilNCC 

CtGtNO 

lliii  i  ■  ■ 

,-.  R  R  P'^'^^^iy  ccy^pfctiii  cr  projected ,. 


ii 


PAKACALC 


o_  '7 


"^'^^    .\     "^       .^M.c^.£,„-^,^; 


.■ A-t       ^'-  -         -^^ 


D     A     N     A    0 


Plate  H.    OUTLINE  MAP  8HOWINQ  MINERAL  DISTRICTS. 


THE  GOLD  DISTRICT  OF  PARACALE-MAMBULAO, 
AMBOS  CAMARINES. 


By  Warren  D.  Smith. 


The  Paracale-Mambulao  gold  field  has  for  centuries  been  known  to 
the  natives  as  rich  in  gold,  and  it  was  exploited  in  a  crude  way  by  the 
Spaniards  by  means  of  arrastres. 

The  first  mention  of  this  district  of  which  we  have  an  authentic  record  was  in 
1671.  The  Chinese  and  natives  worked  the  rich  streaks  and  alluvial  ground  for 
many  years  in  a  crude  way,  until  Spaniards  from  Mexico  taught  them  to  use 
the  arrastre,  and  a  few  years  before  the  American  occupation  nearly  a  score  of 
these  crude  appliances  were  in  use  in  the  hills  of  this  district,  and  small  but 
fairly  effective  dipper  dredges,  which  could  only  handle  a  few  cubic  meters  a  day, 
had  been  set  in  operation. 

A  large  corporation  known  as  the  Philippine  Mineral  Syndicate  just  before  the 
insurrection  had  acquired  extensive  concessions  from  the  Spanish  Crown.  Opera- 
tions of  modern  character  were  first  undertaken  on  the  Tumbaga  property. 

This  district  roughly  comprises  100  square  kilometers  of  country  of 
moderate  relief.  The  topography  is  marked  by  a  number  of  hills  which 
extend  outward  as  spurs  from  tlie  cordillera  and  have  approximately 
a  north  and  south  trend.  Between  these  hills  are  broad  valleys  to  a 
great  extent  filled  with  nipa  and  mangrove  swamps.  The  whole  country 
is  densely  wooded.  The  most  elevated  point  in  the  district  is  Mount 
Bonotan,  some  500  meters  in  height. 

Metamorphic  rocks  are  a  prominent  feature  of  this  area.  The  forma- 
tions to  be  found  are  pyroxenite,  schist,  granite-gneiss,  shale,  sandstone 
and  andesitc  from  north  to  south  in  the  order  named.  The  strike  of  the 
sedimentaries  is  roughly  north  and  south  and  they  now  stand  nearly  on 
end. 

Prior  to  the  Miocene  disturbance,  which  flexed  these  formations  into  a  more 
or  less  vertical  position,  the  section  of  the  strata  was  probably  as  follows:  At  the 
base  a  pyroxenite  and  diorite  complex;  above  this  sandstone,  shales  and  possibly 
limestone,  with  andesite  overlying.  With  the  Miocene  uplift  came  the  intrusion 
of  granite,  and  exposures  of  the  granite  cutting  across  the  basic  rock  can  be  seen. 
Along  the  contact  of  the  two,  gneiss  and  schist  were  developed.  Later  on,  and 
probably  before  the  outflow  of  andesite,  there  began  a  period  of  vein  filling  and 
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ore  deposition.  Naturally,  the  principal  deposition  took  place  along  the  weak 
zone  of  the  contact  and  in  the  fractures  adjacent  to  it.  The  principal  lodes  to-day 
are  found  normal  to  this  granite-diorite  contact.  There  are  many  parallel  veins 
running  through  this  granite  batholith.  The  placer  deposits  are  found  along  the 
rivers  which  cut  across  these  veins  and  are  naturally  richer  near  them. 

PRESENT   OPEIIATIONS. 

There  was  only  one  dredge  in  operation  in  this  district  at  the  time  the 
last  annual  bulletin  was  published,  and  all  the  lodes  remained  practically 
as  the  natives  and  the  former  Spanish  and  English  operators  (the 
Philippine  Mineral  Syndicate)  had  left  them. 

MAMBULAO. 

A  year  ago  only  the  ancient  workings  and  those  of  the  syndicate 
existed  in  this  part  of  the  district,  together  with  a  few  recent  shafts  and 
tunnels  driven  as  assessment  work.  Since  that  time  two  companies,  the 
Tumbaga  and  San  Mauricio,  have  been  preparing  for  immediate  opera- 
tion. 

Tumhaga. — Tumbaga  lies  some  2i  kilometers  south  of  the  town  of 
Mambulao.  The  ore  body  is  in  a  brecciated  zone  between  andesite 
(porphyry)  and  impure  sandstone,  or  tuff.  Tlie  trend  of  the  ore  body 
is  northeast-soutlivvest.  In  this  there  is  considerable  slate  through  which 
innumerable  calcite  stringers  ramify.  Some  of  these  stringers  have  been 
found  to  carry  free  gold;  possibly  all  of  tlie  values  may  be  found  to  lie 
in  these  innumerable  veinlets  cutting  the  slate.  Although  the  miner- 
alized zone  in  places  reaches  a  width  of  35  feet,  this  is  not  constant.  The 
ore  body  is  lenticular. 

Mr.  Ca vender,  the  superintendent,  lias  opened  up  over  100  meters  of  drifts 
and  crosscuts,  most  of  which  is  new  work,  also  a  shaft  over  15  meters  deep, 
and  has  constructed  a  drainage  tunnel  of  over  100  meters.  lie  has  also,  assisted 
by  Mr.  Collins,  put  into  working  order  the  old  plant  of  the  syndicate,  parts  of 
which  were  missing  and  the  remainder  in  considerable  disorder,  so  that  he  was 
able  to  make  a  test  run  on  his  ore.  The  plant  as  it  now  stands  consists  of  the 
following  parts:  a  Blake  crusher;  a  5-feet  Huntington  mill,  having  a  capacity  of 
from  12  to  30  tons  per  day;  two  Johnson  concentrators;  besides  the  usual  acces- 
sories— boilers,  hoisting  drums,  skips,  etc.  According  to  Superintendent  Cavender, 
a  trial  run  of  twenty-two  hours  was  made  with  this  plant  in  November  last. 
Eleven  tons  of  ore  were  treated,  with  the  result  that  93.6  ounces  were  cleaned  up, 
which  represented  merely  the  free  milling  part  of  the  ore.  The  concentrates  have 
not  been  treated.  If  theSe  figures  are  correct^  and  I  have  no  reason  to  doubt 
them,  this  ore  contains  some  very  rich  streaks,  and  there  may  be  found  to  exist 
a  considerable  ore  body  besides  of  low  grade  material. 

San  Mauricio. — This  property  is  located  1  kilometer  from  Mambulao 
on  the  hill  to  the  north  of  the  town.  The  ore  body  is  in  part  a  quartz 
filling  normal  to  the  contact  between  the  granite  and  the  basal  rock,  which 
here  is  more  nearly  a  diorite  than  a  pyroxenite.  There  also  appears  to  be 
some  ore  deposition  along  the  contact. 
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About  300  feet  of  drifts  and  crosscuts  have  been  opened  up,  a  part  representing 
old  workings,  and  extensions  made  by  the  present  company.  Besides  this  develop^ 
ment  work,  a  20'8tamp  Traylor  mill  consisting  of  the  following  parts  has  been 
erected:  20  Traylor  stamps,  Blake  crushers,  Challenge  feeders,  and  8  Traylor 
concentrators  and  a  Richard's  classifier.  The  stamps  are  1,050  pounds  each  and 
it  is  proposed  to  have  them  dropped  at  the  rate  of  94  times  a  minute  through 
a  5-inch  drop.  This  mill,  for  completeness,  general  plan,  and  the  way  it  has  been 
set  up,  should  be  a  model  for  future  mills  in  these  Islands.  In  October  of  this 
year,  a  severe  typhoon  raged  on  this  coast  and  did  more  or  less  damage  to  all 
the  properties.  At  the  San  Mnuricio  the  head  frame  was  blown  down,  but  no 
other  serious  damage  was  done. 

Other  lode  properties  on  wliich  development  work  lias  been  carried 
on  are  as  follows: 

Dinaanan,  nortli  of  San  Mauricio;  the  Le  Due  property,  southwest  of  Mam- 
bulao;  and  the  group  of  claims  known  as  the  Iron  King,  Gordon,  Isla,  Guinto, 
Abe  Lincoln,  and  Navotas,  a  different  property,  all  a  short  distance  east  of 
Tumbaga.     These  are  all  promising  prospects. 

PARACALE. 

The  present  operations  in  tliis  district  arc  confined  almost  entirely  to 
placers. 

Since  our  last  report,  two  more  dredges  have  begun  operations  on  the  Paracale 
River  above  the  Paracale  dredge.  The  Stanley  dredge,  farthest  up  the  river,  is 
a  New  Zealand  model,  operated  by  New  Zealandcrs.  The  Philippines  dredge  is 
a  Risdon  make  and  was  operated  by  an  American  company.  The  hull  for  the 
fourth  dredge  is  almost  completed  and  plans  for  the  fifth  are  under  way.  Of 
the  three,  the  two  New  Zealand  dredges  are  running  steadily,  but  I  regret  to  say 
that  the  third,  up  to  the  present  time,  has  failed  to  secure  results  and  has  tem- 
porarily shut  down.  The  Paracale  Extension  is  a  new  company  which  proposes 
to  work  ground  fartljer  up  tlie  Paracale  River  above  the  Stanley.* 

Most  of  the  ground  on  the  Paracale  and  Malaguit  Rivers  has  been 
tested  and  staked.  However,  as  yet  no  operations  have  been  undertaken 
on  tlie  latter.  These  rivers  lie  in  broad  valleys,  covered  with  mangrove 
and  nipa,  through  which  the  dredges  .work  their  way.  The  mangrove 
is  used  for  the  firewood  and  the  nipa  is  either  thrown  aside  or  employed 
by  the  natives  for  house  building. 

A  test  hole  in  an  adjacent  river,  which  serves  to  give  a  general  idea  of  the 
ground  to  be  dredged,  showed  the  following  strata: 

From  0  to  1.5  meters,  soil,  nipa,  etc. 

From  1.5  to  7.6  meters,  sand  and  gravel,  with  some  values. 

From  7.6  to  11.5  meters,  heavy  black  loam,  with  considerable  decayed  vegetable 
matter. 

From  11.5  to  12.2  meters,  gravel,  pay  streak. 

The  bed  rock  is  a  white,  soft,  decomposed  granite-gneiss. 

In  some  of  the  localities  the  bed  rock  varies  in  depth  from  3  to  18  meters. 
In  the  last  few  months  testing  parties  have  been  very  active;  one  working  along 

'  As  this  Bulletin  goes  to  press  it  is  learned  that  the  Philippines  dredge  is 
being  moved  to  the  Malaguit  River. 
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the  following  rivers:  Tabas,  Malaguit,  Malagbang,  Bosignon,  Gumaus,  Bulalakao, 
Colombayungon,  Tigbi,  Maniloc,  and  Ponso;  others  have  carried  on  extensive 
boring  in  the  Malaguit  River,  one  company  having  put  down  over  300  holes,  and 
this  is  only  a  small  proportion  of  the  total.  The  Paracale  River,  of  course,  has 
been  the  most  thoroughly  tested  of  all  the  field,  but  others,  especially  the  Gumaus, 
have  shown  up  well  in  the  tests. 

The  ground  being  ^vo^ked  by  the  dredges  now  in  operation  is  un- 
usually rich,  yielding  ^2  per  yard/  according  to  tlie  dredge  master^s 
sworn  statement,  and  there  are  several  spots  where  values  as  high  as 
1P14  per  cubic  yard  have  been  reported.  It  is  not  likely  that  such 
values  will  be  found  in  all  parts  of  the  district,  the  richness  of  certain 
spots  being  due  to  the  fact  that  the  river  cuts  across  the  veins  in  these 
places.  This  can  easily  and  clearly  be  seen  by  an  examination  of  the 
field  relations  and  of  the  fresh,  crystallized  gold  as  it  comes  up  on  the 
dredge.  There  is  not  much  doubt  but  that  there  is  much  profitable 
ground  and  the  district  can  support  several  more  dredges. 

Many  may  not  be  familiar  with  New  Zealand  dredging  practice,  so 
that  a  few  of  its  essential  features,  as  T  have  observed  them  in  this 
district,  are  here  given. 

Both  the  Paracale  and  Stanley  dredges  use  the  open-connected  buckets  and 
have  no  stacking  ladder,  but  differ  entirely  in  the  gold-saving  appliances. 

The  Paracale  dredge  has  a  revolving  screen,  side  tables  and  table  sluices, 
expanded  metal  and  coco  matting  being  used. 

The  Stanley  has  no  revolving  screen  and  no  side  tables.  It  has  two  sluices 
copied  from  pattern  of  the  old  tail  sluices,  one  being  placed  above  the  other. 
The  dimensions  of  the  first  are  75  feet  by  4.5  feet,  those  of  the  second  05  feet  by 
3  feet  and  8  inches,  with  a  fall  of  1.5  inches  to  the  foot.  The  riffles  in  the  two 
sluices  are  al)<)ut  the  snne,  and,  beginning  at  the  top,  are  as  follows: 

First  Hungarian  ritiles;  then  California  riffles  with  a  few  T-shaped  riffles; 
next  undercurrent  riffles  for  the  fine  gold  with  coco  matting  beneath;  and  finally 
plates  with  three-eighths-inch  holes  with  1.5-inch  pitch  with  coco  matting  and 
expanded  metal  under  all  riffles.  A  12-inch  pump  supplies  water  for  the  upper 
and  a  10-inch  for  the  lower  one. 

An  8-ton,  semi-marine  boiler  provides  the  steam  for  a  7-horse power  Marsliall 
engine,  which  runs  the  buckets  and  the  12-inch  pump. 

The  essential  differences  between  the  New^  Zealand  and  the  American  (Risdon) 
dredge  on  the  river  are: 

( 1 )  Absence  of  the  stacking  ladder. 

(2)  Absence  of  a  screen  and  side  tables,  in  the  Stanley  dredge. 

The  dredges  have  not  been  working  under  similar  conditions,  and  hence 
it  is  at  present  impossible  to  make  any  comparison  regarding  the  relative 
efficiency  of  the  two  systems.  The  persons  in  charge  are  well  aware 
that  changes  will  need  to  be  instituted  to  adapt  the  process  of  dredging 
to  the  ground.  Mr.  Jones  stated  that  some  of  the  values  are  being 
lost,  particularly  the  fine  float  gold  and  that  which  adheres  to  the  black 
sand. 

^?  is  the  symbol  for  the  Philippine  peso. 
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The  cost  of  operation  per  yard  is  still  higb,  being  close  to  30  centavos,  but  th6 
new  dredges  will  embody  several  improvements  as  a  result  of  the  past  experience 
with  the  ground,  and  a  diminution  may  be  looked  for.  One  noteworthy  feature 
at  present  is  the  difficulty  experienced  in  amalgamating  the  gold  secured  by 
these  dredges.  The  Paracale  Company  is  installing  a  Huntington  mill  to  treat 
the  large,  rich,  quartz  bowlders  which  are  constantly  l)eing  encountered. 

IX)DE   PUOPEHTIES. 

Lode  properties  are  not  reeeiving  as  niiuh  attention  in  the  vicinity 
of  Paracale  as  near  Mambulao ;  nevertheless  development  work  is  being 
carried  on  the  Germania  claim  in  the  foothills  north  of  the  Paracale 
Kivcr  and  on  the  San  Antonio  and  Empire  groups  on  the  peninsula 
between  Paracale  and  ^falaguit. 

Even  a  casual  examination  of  some  of  the  veins  on  this  peninsula  gives 
rise  to  the  hope  that  a  producing  mine  will  before  long  be  located  here. 

Just  at  present  the  labor  conditions  in  Paracale  arc  not  entirely 
satisfactory.  The  Camarines  coast  is  but  sparsely  settled  and  but  little 
opened  up  by  commerce,  but  the  conditions  should  improve. 

At  Nalesvetan  in  the  cordillera  south  of  Paracale  some  new  prospects 
are  located  and  are  being  vigorously  developed  by  a  party  of  Americans. 
They  have  reported  some  fairly  rich  strikes  from  there  in  the  last  few 
months. 

90000 2 
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American  minors  have  been  })rospecting  in  Benguct  for  ten  years  or 
more,  but  only  during  tlie  last  three  years  has  successful  mining  been 
carried  on  by  organized  companies;  previous  to  that  time  the  veins 
had  been  worked  by  Igorots,  Filipinos  from  other  provinces,  and  China- 
men. Some  of  these  old  workings  are  quite  extensive,  and  have  been  a 
great  lielp  to  the  prospectors  of  to-day  in  Ipcating  the  veins.  They  are 
similar  to  the  workings  found  in  otlier  parts  of  the  Islands,  where  only 
the  rich  stringers  were  gouged  out,  and  are  consequently  so  narrow  that 
an  American  would  find  it  almost  impossi))le  to  go  through  them. 

One  of  the  drifts  in  Mr.  Kelley's  mine  cut  an  old  stope  filled  with 
waste  that  had  cemented  as  hard  as  the  wall  rock. 

The  mineral  statistics  show  production  of  jjold  from  the  district  to  liave  been 
^■155,520  in  1907,  ^279,600  in  1908,  and  ^243,500  in  1909. 

The  figures  given  for  1909  are  estimated  from  partial  data,  for  nine  months' 
work.  The  production  was  stopped  in  Octol)er  by  Hoods.  The  same  rate  of  pro- 
duction would  have  given  about  ^320,000  for  twelve  months. 

These  figures  to  a  certain  extent  sliow  the  advance  of  mining  in 
Benguet,  but  they  give  no  idea  of  the  great  amount  of  work  that  has 
been  going  on  in  development.  It  is  estinuited  that  about  300  claims 
have  been  located  and  almost  250  veins  uncovered.  One  company  alone 
claims  to  have  found  132  veins  on  a  group  of  31  claims. 

The  known  mineralized  district  extends  from  the  headwaters  of  the 
Antamok  on  the  north  to  the  headwaters  of  the  Batwaan  on  the  south 
and  from  Camp  John  Hay  and  the  Bued  River  on  the  west  for  a  distance 
of  10  kilometers  to  the  eastward,  thus  comprising  an  area  of  about  75 
square  kilometers.  Outside  of  this  area  there  is  much  which  is  believed 
to  be  valuable  ground,  but  as  yet  unexplored. 

The  majority  of  the  veins  appear  to  be  tnie  fissure  veins  in  andesite. 
However,  this  point  is  open  to  further  investigation.  Toward  the  south 
and  west  contact  deposits  are  reported  between  andesite  and  diorite,  and 
andesite  and  limestone.  The  veins  have  a  general  strike  of  east  and 
west  and  a  dip  of  about  G0°,  usually  to  the  south.  They  vary  in  width 
14 
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from  0.3  to  6  meters,  reaching  a  maximum  of  15  meters  in  one  case. 
The  classes  of  vein  matter  are  white  quartz,  crystallized  banded  quartz, 
calcite,  calcite  and  rhodochrosite,  brown  manganese  and  quartz,  mineral- 
ized dikes,  and  brecciated  material.  The  gold  content  is  about  60  per 
cent  "free  milling"  in  most  of  the  veins,  but  some  of  them  do  not  pan 
a  color,  as  in  the  case  of  the  telluride  ore  on  the  property  of  Mr.  Kelly. 

At  the  present  time  there  are  good  wagon  roads  leading  to  the  Head- 
waters, Consolidated,  Bua  and  ^fajor  mines  wliicli  can  also  be  used  by 
properties  near  by.     The  other  groups  can  only  be  reached  by  horse  trails. 

The  majority  of  the  properties  are  so  situated  that  water  power  can 
be  utilized,  but  a  few  will  have  sulTioient  water  only  during  the  rainy 
season.  The  grades  are  steep  so  that  **gravity  mills"  can  be  built,  saving 
expense  in  handling  the  ore,  and  making  it  possible  to  have  high  heads 
of  water  with  a  comparatively  short  j)ipe  line  and  flume.  The  only 
serious  disadvantages  are  the  dangers  of  floods  or  landslides,  the  dif- 
iiculties  of  transportation,  and  the  comparative  scarcity  of  timber. 

The  labor  situation  is  perhaps  better  than  in  any  other  mining 
district.  Igorots  arc  easily  obtainable  for  surface  labor,  road  building, 
packing,  and  cutting  timber;  Filipinos  from  other  provinces  for  miners 
and  mill  men,  and  Japanese  for  timbermen  and  carpenters. 

The  average  prices,  in  Philippine  pesos,  are: 

Common  labor per  day.. 

Miners    do 

Native  capatas    do 

Japanese    timbermen    do 1.70 

Japanese  carpenters  do 

By   contracts : 

Prospect  pits   per  meter.... 

Drifting    do 

Timber : 

Posts  7  feet  by  1  foot eacli.... 

Logging  2  to  3  inches  by  12  feet do 

Sawed  lumlxir  per  M  feet  for  labor.... 

Mining  and  milling per  ton.... 

Filipinos  from  other  provinces  are  preferred  to  the  Igorots  for  miners  and 
millmen.  They  give  steadier  labor  and  are  better  workmen.  Japanese  are  used 
as  timbermen  in  some  mines  because  of  their  greater  strength  and  adaptability. 

The  companies  now  existing  are  the  Antamok  Valley  Mining  Company,  Madison 
Gold  Mining  Company,  Bua  Mining  Company,  Benguet  Consolidated  Mining  Com- 
pany, Igorot  Mining  Company,  Muyot  Mining  Company,  Major  Mines  Company, 
Copper  King  Mining  Company,  Camote-Clayton  Company,  and  Kias  Hill  Gold 
Mining  Company.  In  addition,  the  prominent  groups  of  claims  are:  the  Ebert, 
Topside,  Vicente  Volpiedad,  Tx)renzo  Pau,  McElroy,  Calvin  Ilorr,  Murphy,  Mis- 
sionary,  and   McDill. 

The  only  companies  at  present  producing  are  the  Benguet  Consolidated 
and  the  Bua. 


W.70-l»1.00 

1.30- 

1.70 

1.70- 

2.60 

1.70- 

2.60 

3.00- 

3.60 

3.00 

15.00 

0.70 

0.10 

46.00 

5.00- 

8.00 

IG 

The  Bua  is  working  two  veins  at  Gomok,  one  a  quartz  vein  0.3  to  1  meter 
wide,  the  other  a  rhodochrosite  vein  1  to  2  meters  wide,  striking  north  10°  east 
and  dipping  65°  to  the  south.  The  veins  liave  been  opened  up  by  drifts  for  a 
length  of  166  meters  and  have  been  cut  33  meters  below  by  a  tunnel  200  meters 
long. 

The  ore  is  mined  by  the  system  of  overhead  stoping,  filling  with  waste  broken 
during  mining.  The  stope  extends  the  entire  166  meters,  and  has  ore  chutes 
every  10  meters.  The  ore  is  dumped  into  a  bin  near  the  mouth  of  the  adit, 
from  which  it  is  trammed  for  a  distance  of  about  1  kilometer  to  a  second  bin, 
which  feeds  into  a  two-bucket  gravity  aerial  tramway,  stretching  across  the 
Antamok  Valley  to  the  mill.  The  mill  is  run  by  a  water  wheel  with  a  rope  drive. 
Ft  consists  of  six  individual  stamps  in  groups  of  three,  with  two  copper  plates. 
The  tailings  are  cyanided  in  six  sand  leaching  tanks,  and  then  dumped  into  the 
river.     The  average  value  of  the  ore  is  said  to  be  ?14  |X)r  ton. 

The  Con.solidated  sustained  severe  losses  in  the  cyanide  plant  during  the  typhoon 
in  the  preceding  autumn  and  in  consequence  has  reduced  its  output  until  the 
plant  can  be  refitted.  The  mine  had  been  working  a  good  strong  lead  which  is 
said  to  assay  from  ^30  to  f*=200  per  ton.  The  lead  was  opened  up  on  four  levels 
16  to  26  meters  apart,  the  lower  levels  being  reached  by  a  small  inclined  shaft 
with  a  skip  and  an  underground  station. 

The  usual  feed  of  the  niill  was  20  to  25  tons  per  day.  The  ore  was  fed  to  a 
crusher,  then  to  stamps  and  amalganuitioii  plates.  The  tailings  were  classified 
and  leached  by  a  sand  and  slime  leaching  plant.  The  leached  slimes  were  filtered 
in  a  Ridgway  vacuum  filter.  The  introduction  of  a  vacuum  fdter  was  a  pioneer 
step  in  the  Philippines  and  will  undoubtedly  lead  to  greater  activity  along  the 
same   line. 

The  C'amote  is  one  of  the  largest  ore  deposits  in  the  district.  The  vein  is 
manganese  and  calcite  and  is  said  to  average  8  meters  in  width.  A  large  amount 
of  ore  has  been  developed  and  500  meters  of  working  have  been  driven.  It  is 
said  to  "catch  ^13  on  the  plates  alone."  The  company  lost  a  3-stamp  mill  in  the 
landslide  last  fall,  but  they  will  undoubtedly  erect  another  mill  in  the  near 
future. 

The  Headwaters  have  put  in  1,000  meters  of  drifts  and  tunnels,  showing  four 
veins  which  run  generally  east  and  west,  and  dip  45.°  They  are  w^orking  44  men 
in  the  mine,  21  on  road  construction,  and  are  preparing  to  install  a  10-stanip  mill, 
1.000-pound  stamps,  tube  mills,  cyanide  plant  and  a  filter  press. 

The  "Muyot"  has  800  meters  of  drifts,  tunnels  and  raises  in  a  vein  2  to  10 
meters  wide  said  to  average  ^12.  It  is  most  admirably  developed  and  shows  a 
larger  tonnage  of  "ore  in  sight"   than  any  mine  in  the  district. 

The  ^fadison  has  about  330  meters  of  work  on  two  veins  which  are  claimed  to 
be  the  same  as  the   Bua. 

The  Topside   has    166   meters   of   work   on   two   veins. 

The  Copper  King  has  666  meters  of  work  on  four  veins,  varying  from  0.3  to  3 
meters.     This  ore  contains   lead,  copper,  i\nd  considerable  free  gold. 

The  Kelley  group  on  the  north  slope  has  four  veins:  No.  2,  north  OO''  w^est, 
dipping  60°  to  north;  No.  3,  south  60°  west;  and  No.  4,  north  34°  west.  If  these 
directions  maintain,  they  will  all  intersect.  The  intersection  of  3  and  4  has 
already  been  opened  up.  The  outcrops  of  these  veins  are  well  marked.  No.  1, 
particularly,  shows  as  a  strong,  high  dike  on  the  bank  of  a  stream.  One  thousand 
meters  of  drifting  has  been  done  on  the  veins  which  vary  from  1  to  3  meters 
and  are  said  to  run  =P^4  to  the  ton.  They  carry  no  free  gold,  but  are  rich  in 
tellurides.     On  the  south  slope  IMr.  Kelley  has  cut  four  more  veins  with  500  meters 
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of  workings.  These  veins  run  generally  east  ami  west  anil  vary  from  O.ti  to  10 
meters  in  width.     About  half  of  the  goKl  in  this  grtuip  is  free  milling. 

The  Major  Mines  (.'omjmny  has  discoveretl  a  large  numher  of  veins  on  their 
property.  The  N\>.  3  vein  on  the  Ix)W'  Potential  claim  is  most  unusual.  It  is 
made  u[)  of  hands  of  erystallizetl  brittle  (piartz  separated  by  horses  of  andesite, 
and  having  a  width  i>f  1  to  .'t  meters.  The  imijority  of  the  veins  on  this  pniperty 
j>an  very  high.  When  in  full  operation  this  enm{Miny  should  be  one  of  the  largest 
produeers  in  the  Islands. 

The  Antamok  N'alley  .Mining  (  ompany  has  jM»rhaps  the  l;n-^e«<t  hnlding^  in 
Henguet.  They  have  made  a  huge  numlxM  t»f  tunnels  and  eut  some  very  pr«)mising 
veins. 

Lorenzo  Pan  is  wtirking  12  claims;  Vicente  Volpiedail,  (i  claims  with  t\\»>  or 
three  good  leads.  Calvin  llorr  has  done  a  great  deal  <»f  w<uk  pruning  \»p  sevi-rnl 
good  leads,  one  of  which  is  ;i  meters  wide,  and  is  said  to  carry  1*HI.  The  Camote 
Clayton.  McKlroy,  McDill  and  the  other  proper! i<'s  all  have  more  or  less  work  <lont'. 
Some  mills  are  already  being  ei-ected  in  the  southern  part  of  the  district. 

The  ^roat  iniinhiM'  of  vcin.s.  their  iinirorni  directions  jtiid  dij)  arc  sig- 
iiifkanl  fac't.<.  A  pcciiliarily  of  (he  district  is  that  the  veins  often  (u-cur 
in  ir roups  of  four. 

The  ^n-eat  need  of  the  district  is  a  hirgc  mill  ada])ted  to  the  character 
of  the  ore,  then  minin^^  can  he  done  on  a  sulliciently  large  scale  to  make 
it  e«*on(tmical,  and  there  will  he  enough  tonnag^(^  in  the  mill  to  reduce* 
the  cost  of  treatmefit.  An  ()utj)iit  douhled  means  a  gain  of  almost  80  per 
cent  in  clear  [)rofit.  Furthermore,  a  mine  taking  out  and  milling  150 
tons  a  (hiy  economically  would  do  miu'h  toward  hringnng:  in  tlie  right  kind 
of  capital  to  th(»  Islands. 

As  yet  the  mineral  deposits  of  the  IMiilijjpine  Islands  have  only  ))een 
scratched,  and  only  ore  close  to  the  surface^  taken  out.  If  those  districts 
were  found  with  as  favorahle  locations  in  the  I'nited  Stat(»s,  tlu^re  would 
tiot  he  the  slightest  delay  in  estahlishing  an  exceedingly  active*  camp  in 
ever\  one  of  them. 
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By  II.  G.  Ferguson. 


The  Aroroy  mining  district  lies  in  the  northwest  part  of  the  Island 
of  Masbate  at  the  junction  of  the  two  anticlinal  prongs  which  make  the 
island.  On  the  western  side  of  the  district  Port  Barrera,  an  excellent 
harbor,  extends  inland  for  12  kilometers  in  a  southwesterly  direction. 
Ticao  Strait  is  to  the  north  and  the  higliest  part  of  the  island  lies  on 
the  south  and  east,  reaching  its  greatest  elevation  in  Baha  Simbahan  (630 
meters)  15  kilometers  to  the  eastward.  The  topography  in  the  district 
itself  may  be  described  as  semi  mountainous. 

A  great  number  of  small  hills  and  ridges  lie  near  the  bay,  generally 
trending  in  a  northeasterly  direction.  Three  large  hills  occupy  the 
central  portion  of  the  area.  The  northernmost  of  these.  Mount  Aroroy, 
has  an  elevation  of  250  meters  and  is  separated  from  its  southern 
neighbor^  Mount  Bagadilla,  by  Bangon  Creek,  a  tributary  of  the  Guino- 
batan.  Mount  Bagadilla  has  an  elevation  of  about  340  meters  and  is 
separated  from  Mount  Kalakbao  (elevation  of  202  meters)  by  the  deep 
canon  of  the  Guinobatan  Kiver.  These  tliree  hills  all  trend  to  the 
northwest  and  owe  their  height  to  the  greater  resistance  offered  to  erosion 
by  the  numerous  quartz  veins  which  outcrop  here. 

Another  prominent  hill  is  Mount  Cogran,  a  ridge  running  northwest- 
erly in  the  southern  part  of  the  district,  along  which  the  vein  worked  by 
the  Tengo  Mining  Comj)any  outcrops. 

The  country  is  covered  with  cogon :  but  a  thick  forest  containing 
valuable  timber  is  found  a  few  kilometers  inland.  Mangrove  swamps, 
which  will  furnish  excellent  firewood  grow  at  the  mouth  of  the  Guino- 
batan and  Lanang  Rivers. 

GEOLOGY. 

The  oldest  rocks  outcropping  in  the  district  are  of  sedimentary  origin, 
chiefly  red  slate  with  subordinate  amounts  of  black  slate,  feldspathic 
sandstone  and  conglomerate.  The  sedimentary  area  covers  a  large  part 
of  the  country  north  of  Mount  Aroroy  and  extends  southward  to  the  east 
of  Mounts  Bagadilla  and  Kalakbao  and  up  the  valley  of  Kaal  Creek  to 
18 
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the  west  of  Mouut  Villon.  The  hills  north  of  Mount  Aroroy  are  in 
part  composed  of  quartz  diorite,  which  is  an  intrusion  into  sediments 
just  mentioned. 

However,  the  greater  part  of  the  district  is  covered  by  an  extensive  Beriea  of 
later  volcanic  rocks  which  are  principally  augite  and  hornblende  andesites,  the 
former  preponderating,  with  occasional  more  basic  rocks.  Mounts  Aroroy  and 
Bagadilla  are  cora[)osed  of  andesite  flows  and  agglomerates,  while  the  region  lying 
between  Panique  Creek  and  the  Lanang  Hills  is  almost  entirely  composed  of 
pyrociastic  rt)cks.  The  hills  lying  between  these  two  areas  <ind  Mount  Villon 
consist  of  andosites  and  may  represent  the  stocks  of  the  volcanic  vents  from  which 
the  Hows  and  agglomerates  covering  the  greater  part  of  the  district  have  issued. 

As  is  common  in  mining  districts,  the  period  of  volcanic  activity  was  followed 
by  the  stage  of  vein  format io!\.  The  parallelism  of  the  fissures  with  the  long 
anticlinal  axis  of  the  island  makes  it  probable  that  they  were  contemporaneous 
with  this  folding.  Thus,  following  the  general  history  of  the  Islands,  the  veins 
may  be  considered  to  date  from  early  Tertiary  times. 

On  the  western  side  of  Port  Barrera,  the  formation  is  that  of  coasla.1  plain 
composed  of  more  recent  sediments.  Near  tlie  west  shore  of  the  bay  in  several 
places  a  gray  shale  of  Miocene  age  outcrops,  similar  to  that  found  above  the  coal 
measures  of  Batun  Island.  This  shale  was  recently  prospected  for  coal,  but  the 
drill  encountered  nothing  but  shale  ior  a  depth  of  40  meters  below  sea  level. 
Above  the  shale  is  a  conglonu'rate  containing  pebl)les  of  andesite  and  vein  quartz, 
proving  tliat  these  sediments  are  derived  from  the  formations  found  across  the 
bay.  The  drainage  of  the  Aroroy  district  suggests  that  the  streams  overflowed 
over  this  series  of  sediments  which  then  eov<»r(»d  the  district.  Several  beds  of 
limestone  which  dip  slightly  to  the  west  and  northwest  lie  above  the  conglomerate. 
On  the  north  coast  aiul  at  Punta  Colorada  are  Hat  lying  coral  limestones  of  more 
recent  date. 

ECONOMIC    GEOLOGY. 

The  principal  veins  upon  which  development  work  has  hcen  done  are 
confined  to  the  comparatively  small  ])art  of  the  area  included  in  the 
three  hills  of  Aroroy,  Bagadilla,  and  Kalakhao,  forming  a  rectangle  about 
5  kilometers  from  north  to  south  and  2.5  kilometers  from  east  to  west. 

The  claims  lying  in  this  area  are  the  Keystone  Mining  Company  on  Aroroy 
Mountain,  the  Colorado  and  Cripple  Creek  Mining  Companies  on  Bagadilla,  and 
the  Syndicate  and  Aroroy  Mining  Companies  on  Kalakbao.  Outside  lie  a  group 
of  claims  east  of  Bayuan  Bay,  the  claims  of  Mr.  Hayes  to  the  east  of  Mount 
\Mllon,  and  the  property  of  the  Tengo  Mining  Company  in  the  southern  part  of  the 
district. 

The  veins  are  often  from  2  to  over  G  meters  in  width,  and  usually 
quite  regular;  movement  parallel  to  the  vein  as  a  rule  is  shown  on 
both  walls  and  often  in  the  vein  itself.  This  is  almost  universally  true 
along  the  foot  wall.     The  dips  are  steep,  varying  from  50°  to  vertical. 

The  veins  on  the  north  side  of  the  Guinobatan  dip  to  the  northeast,  those  on 
Mount  Kalakbao  to  the  southwest.  In  general,  the  strikes  are  northwest,  but  on 
Mount  Kalakbao  two  cross  veins  cut  off  the  El  Sol  series  and  the  large  Mabel 
vein  on  the  Syndicate  property.  Transverse  faults  are  rare,  the  two  veins  just 
mentioned   being  the   most   prominent.     In   the   Nebraska   Star   mine   the   main 
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vein  is  displaced  about  5  meters  by  a  vertical  fault  striking  east  and  west.  In 
the  Nancy  workings  on  Kalakbao  there  is  evidence  that  slipping  parallel  to  the 
side  of  the  hill  has  displaced  the  veins  somewhat,  but  development  work  has  not 
as  yet  progressed  far  enough  to  show  how  important  this  feature  is. 

The  strong  relief  of  the  district  brings  a  large  portion  of  the  country 
above  tlie  ground-water  level,  and  this  feature,  together  witli  tlie  long 
continued  elevation,  has  given  a  deep  zone  of  oxidation;  operations  on 
Aroroy,  Kalakbao,  and  Bagadilhi  Hills  to  a  depth  o\'  nearly  a  hundred 
meters  from  ihc  surface  showing  oxidized  ore.  Work  nearer  the  w^ater 
level,  as  on  the  Montana  vein,  shows  partly  altered  sulphide  ore.  The 
unaltered  form  of  the  ore  seems  to  be  a  hard,  massive  bluisli  quartz 
containing  pyrite. 

However,  practically  all  the  develoi)ment  work  has  been  done  in  the 
oxidized  zone,  and  this  will  be  of  the  greatest  importance  in  the  immediate 
future.  Hero  the  ore  is  entirely  different  in  appearance.  Shearing  and 
slipping  in  the  veins,  the  effects  of  which  are  concealed  in  the  sulphide 
zone,  have  caused  the  segregation  of  the  diifercnt  minerals  into  bands. 

This  banding  is  more  marked  near  the  walls,  especially  the  foot  wall  where 
movements  have  been  more  common.  Characteristic  oxidized  ore  may  be  seen  on 
the  main  vein  of  the  Colorado  mine  and  near  the  foot  wall  of  vein  number  2 
of  the  Nancy.  Here  the  ore  shows  regular  black  and  white  stripes  of  alternate 
manganese  oxide  and  white  quartz  varying  in  thickness  from  a  mere  pencil  line 
of  manganese  to  bands  of  quartz  a  meter  or  more  wide;  and  often  considerable 
gouge  is  present.  The  black  bands  seldom  consist  of  pure  manganese  oxide, 
but  are  usually  composed  of  small  quartz  fragments  coated  with  black,  sooty 
powder.  The  larger  quartz  bands,  while  white  or  stained  with  iron  oxid(»  near 
their  edges,  frequently  show  a  core  of  unaltered  blue  quartz.  Bands  of  iron 
oxide  are  often  present,  but  are  not  as  common  as  the  black  and  white  banding. 
Bands  of  white  calcite  occur,  although  near  the  surface  this  mineral  is  rare,  as 
there  the  calcite  has  been  dissolved  by  surface  waters,  leaving  a  skeleton  of  quartz 
ribbons.  Regular  banding  is  rare  in  the  center  of  the  veins  and  the  ore  commonly 
takes  the  form  of  a  much-broken  quartz  stained  with  iron  or  manganese,  often 
honeycombed  throughout  with  spots  and  patches  of  manganese  or  iron  oxide,  in 
other  places  massive  and  iron  stained,  the  larger  fragments  having  blue  cores. 
So  far  it  is  not  clear  whether  the  best  values  follow  any  particular  phase  of 
this  banding,  and  it  can  only  be  said  that  the  higher  grade  ore  (assaying  above 
10  or  15  grams  to  the  metric  ton)  occurs  in  rather  irregular  masses  and  pay 
streaks,  with  a  tendency  to  follow  the  foot  wall. 

The  country  rock,  generally  an  andesite  or  agglomerate  for  varying  distances 
from  the  walls  of  the  vein  in  the  oxidized  zone,  is  altered  to  a  brown  clay-like 
rock  which  locally  bears  the  name  of  ''porphyry."  This  "porphyry"  often  con- 
tains numbers  of  small  quartz  veins,  varying  from  minute  stringers  up  to  tho?^e 
half  a  meter  in  width  and  it  sometimes  carries  workable  values  for  several  meters 
from  the  walls  of  the  vein.  In  all  probability  the  value  occurs  in  veinlets,  rather 
than  as  an  impregnation  of  the  country  rock  itself.  A  mass  of  wdiat  appears 
to  be  a  much  decomposed  sandstone  cut  by  several  small  veins  occurs  on  the  Gold 
Bug  claim.  The  sandstone  shows  excellent  values  to  the  limit  of  oxidation,  which 
in  all  probability  are  the  result  of  impregnation  supplemented  by  surface  con- 
centration. 
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The  area  of  sediinentarv  roeks  lyin^  east  of  Mount  Bagadilla  and 
extending  southward  down  the  vallev  of  the  Kaal,  consists  largely  of  red 
slate  containing  deposits  of  psilomehuie.  As  yet,  not  enough  work  has 
been  done  to  ascertain  if  these  are  of  aJiy  value,  or  to  determine  the 
size  and  origin  of  the  deposits.  In  all  probability  they  (xx'ur  as  a  series 
of  lenses,  some  of  which  may  be  of  workable  size.  Pebbles  of  specular 
liematite  are  found  in  the  small  stream  north  of  Blount  Aroroy,  but  the 
outcrop  has  never  been  discovered. 

MININCJ. 

In  all  probability  mining  was  carried  on  before  the  Spanish  conijuest. 

Old,  open  cutH,  the  roiuuied  edges  of  which  show  the  use  of  fire  in  breaking 
tlie  rock,  are  lo  he  found  on  many  of  the  veins.  Also  in  several  places  nnniherH 
of  stone  mortars  used  fur  crushing  the  ore  have  beiMi  found.  I  have  been  unable 
to  lind  any  record  of  Spanish  workings  in  the  district,  although  the  natives  say 
that  about  a  hundred  years  ago  an  arrastra,  the  ruins  of  which  are  still  to  be 
seen,  was  worked  by  a  Spaniard  and  an  Knglishman ;  and  in  several  places,  as, 
for  example,  on  the  lUiena  Suerte  and  Montana  claims,  there  are  uderground 
workings  that  can  not  date  very  far  back.  The  only  reference  to  mining  before 
the  American  occupation  which  I  have  found  is  in  a  description  by  (jcmelli  *  of 
his  voyage  around  the  world. 

Prospecting  in  Masbate  began  soon  after  the  arrival  of  the  American  troops, 
and  American  work  in  Aroroy  may  be  said  to  date  from  the  year  HK)1. 

The  conditions  are  favorable  for  cho^ip  mining  in  this  district.  The 
topography  of  the  country  allows  considerable  exploration  to  be  done 
by  adits  and  the  ore  is  easily  treated,  'i'hc  labor  supply  is  at  present 
in  a  fairly  satisfactory  c^ondition.  (Jood  tind)er  is  available  on  the 
majority  of  the  claims  and  fuel  nuiy  be  had  at  moderate  cost.  The  most 
important  mines  arc  situated  less  than  3  kilometers  from  an  excellent 
harbor,  and  the  district  is  only  a  day's  run  by  steamer  from  Manila. 

COSTS. 

It  is  very  diilicult  to  obtain  any  fair  estimate  of  the  working  costs, 
even  of  exploration  work,  in  the  present  state  of  the  district  as,  except 
in  a  very  few  cases,  no  work  has  been  done  at  any  considerable  depth 
and  accurate  cost  sheets  have  not  been  kept.  Besides  this,  all  the  work 
lias  been  done  under  the  supervision  of  one  man  for  each  property,  and 
this  has  kept  the  expense  for  superintendence  lower  than  will  be  the 
case  when  work  begins  on  a  larger  scale. 

^A  voyage  around  the  world.  By  John  Franci  GemeUi  Careri  (1695-1698). 
Translated  from  the  Italian.  Published  in  a  collection  of  voyages  by  Awnshara 
and  Churchill,  London,  1704. 


22 

Through  the  courtesy  of  the  various  miners  of  the  district,  I  am  able  to  give 
the  following  figures,  in  Philippine  currency,  for  exploration  and  development 
works : 

Cost  per  foot. 

Tunnels   =P4.00-r8.00 

Raises    G.OO- 12.00 

Shafts 12.00-30.00 

Small  open  cuts,  from  M.03  to  M.06  per  cubic  foot. 

Mr.  Eveland,  formerly  superintendent  of  the  Eastern  Mining  Com- 
pany, states  in  his  report  on  the  property  as  follows:^ 

Although  but  few  figures  are  available  for  the  cost  of  operation  of  mines, 
mills,  and  of  ore  treatment,  under  the  conditions  in  the  Philippines,  it  can  safely 
be  said  that  1P6  ore  can  be  handled  on  this  property  at  a  profit  and  anything 
above  that  will  be  clear  gain.  There  are  no  difhculties  locally  in  the  A-ay  of 
economic  handling  of  material ;  in  fact,  conditions  on  the  ground  may  be  con- 
sidered almost  ideal  for  operation  on  a  large  scale,  when  extent  and  value  are 
proven. 

Certainly,  a  company  operating  on  a  sufficiently  large  scale  and  con- 
servatively managed  should  he  ahle  to  mine  and  treat  ore  at  this  figure  or 
hotter.  The  ore  is  peculiar  in  that  only  a  small  ])cr  cent  can  he  amalga- 
mated, prohahly  hecause  of  the  large  proportion  of  manganese  oxide  which 
it  contains.  Tests  made  hy  different  lahoratorics  in  the  Ignited  States 
showed  from  25  to  33  per  cent  of  the  values  recoverahle  hy  amalgamation, 
and  it  is  veiy  probable  that  in  actual  practice  this  would  be  further 
lowered.  On  the  other  hand,  a  large  proportion  is  readily  recoverable 
through  cyanide  treatment,  tests  made  both  in  tliis  laboratory  and  the 
United  States  show  the  ore  to  be  remarkably  well  adapted  to  this  method.^ 

Work  in  the  Aroroy  district  has  been  going  on  for  a  sufficiently  long 
time  to  build  up  a  class  of  fairly  efficient  miners,  and  at  present  the  local 
supply  is  sufficient  for  the  demand. 

The  wages  paid  in  the  district  are:  For  minors,  laborers  and  muckers,  =P=0.60 
per  day  if  food  is  furnished,  or  ?=0.80  without  food;  foremen,  blacksmiths,  etc., 
from  ?1  to  ^2  per  day. 

During  the  next  two  years,  when  several  companies  start  operations  on 
a  large  scale,  there  may  be  a  temporary  shortage  of  labor,  but  I  do  not 
expect  any  permanent  trouble  from  this  cause,  as  men  are  beginning  to 
come  in  of  their  own  accord  from  northern  Panay  and  Sibuyan  and  there 
should  be  no  great  difficulty  in  importing  other  labor  if  it  becomes 
necessary. 

'Far  Eastern  Review   (1907),  3,  333. 

•  Mr.  Eye,  superintendent  of  the  Colorado  Company,  plans  to  do  away  with 
the  plates  entirely  in  the  20-stamp  mill  which  that  company  is  preparing  to  erect 
and  have  the  stamps  crush  in  the  weak  cyanide  solution. 
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Mr.  Berkenkotter,  the  manager  of  the  Syndicate  Mine,  tells  me  that 
under  average  conditions  nine  men  working  three  to  a  shift  six  days  in 
the  week,  and  doing  their  own  mucking,  can  advance  a  tunnel  1  meter 
per  day  in  porphyry  and  one-half  meter  per  day  in  hard,  fine-grained  rock. 

TIMBER. 

The  ground  in  this  district  stands  well,  and  comparatively  little  timber 
is  required.  The  principal  claims,  with  few  exceptions,  contain  a  large 
amount  of  excellent  wood  cju^ily  accessible.  Molave,  by  far,  the  best 
timber  for  mining  purposes,  is  found  in  considerable  amount  and  other 
good  woods  are  plentiful. 

Mr.  Herbert,  of  the  Colorado  Company,  has  kindly  furnisheil  me  with  the 
following  list  of  the  varieties:  Molave  (  Vitex  parviflora  Juss.),  Dungon  [Tarrietia 
sylvaixca  Merr.),  Cubi  {Artocarpus  cumingiana  Tree),  Bansdlaguin  {Mimuaops 
elengi  L.),  Matamata  Colorado  {Strombosiaf) ,  Matamata  bianco  {Stromhoaia 
philippincnsis  Rolfc ) . 

Woods  available  for  temporary  timbering,  as  for  example  in  stopes  which  are 
eventually  to  be  filled  are:  Lauan  {Shorea  sp.),  and  Toog  {Hischofia  javanica 
Bl.) 

These  timbers  have  been  given  in  the  order  of  their  preference. 

The  following  average  prices,  in  Philippine  currency,  are  now  being  paid  for 
timber : 

First  group,  one  piece  7  feet  long,  squared  7  inches    (in 

some  cases  only  molave  accepted) ^1.00 

The  same,  rough  ^ 75 

Logging    (molave   boards   or    poles   of    other    first-group 

wood) — per  running  foot  0.01-0.02 

Ties  4  feet  by  4  inches  by  4  inches — each 10-  .12 

The  entire  central  range  of  the  island  is  heavily  wooded,  and  since  there  is 
a  large  amount  of  excellent  timber  just  across  the  bay  from  Aroroy,  there  need 
be  no  fear  of  future  shortage  if  reasonable  care  is  taken. 

POWER. 

The  feasibility  of  water  power  has  not  yet  b«en  determined.  The 
Guinobatan  runs  nearly  dry  at  times  and  it  is  doubtful,  even  with  a 
large  dam  and  reservoir,  if  it  could  be  relied  on  as  a  source  of  water 
power.  Tlie  Lanang,  on  the  other  hand,  is  a  much  larger  river  and  has 
a  more  constant  flow;  although  large  floods  are  of  common  occurrence, 
it  might  be  possible  to  furnish  considerable  power  by  constructing  a  dam 
at  the  upper  gorge. 

The  mills  and  dredges  in  operation  up  to  the  present  have  used  mangrove 
firewood  under  their  boilers  and  have  found  it  an  excellent  fuel.  The  cost  deliv- 
ered at  the  mine  averaged  f^5  per  cord,  and  it  is  estimated  that  2  cords  are 
about  equivalent  to  a  ton  of  coal.  One  company,  more  distant  from  the  mangrove 
swamps,  used  wood  cut  from  its  claims,  costing  ^4  a  cord.  However,  this  was 
less   satisfactory  than    mangrove.     If  large   demands   were   to  be  made  on   the 
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mangrove  swanipH,  the  wood  in  the  immediate  vicinity  of  the  streams  would  soon 
be  cut  off  and  the  price  consequently  be  increased,  also  if  the  regulation  of 
Forestry  Bureau,  prohibiting  the  cutting  of  trees  less  than  15  centimeters  in 
diameter  is  enforced,  it  would  make  the  expenses  of  fuel  greater.  However. 
Philippine  coal  from  the  mine  of  the  East  liatan  Coal  Company,  at  present  the 
only  producing  commercial  mine  in  the  Islands,  is  now  selling  at  the  mine  for 
1^0.50  a  ton,  and  it  eventually  should  be  possible  to  deliver  this  coal  at  Aroroy 
at  a  figure  which  will  give  it  preference  over  mangrove.  The  coal  deposits  on 
the  Island  of  ^fasbate  itself,  at  Dimas  Alang  and  Kataingan,  are  dealt  with  in 
another  article.  Should  these  be  found  worth  developing,  then  the  fuel  question 
will  easily  be  solved.  Coal  deposits  also  exist  on  the  Islands  of  Cebu  and  Mindoro, 
at  no  great  distance  from  Aroroy. 

COMMU  XI  CATIONS. 

CommiiTiication  with  Manila  at  present  is  by  fortniglitly  steanishi|). 

The  freight  rate  for  rice  to  Aroroy  is  ^4  a  ton.  Since  the  completion  of  a 
fair  road  from  Aroroy  to  the  camj),  making  it  possible  to  use  carabao  carts,  the 
land  transportation  charges  have  been  greatly  reduced.  Before  the  building  of 
the  roa<i  Mr.  Eveland  stated  the  rate  to  be  f»=0  j)er  ton  from  Aroroy  to  the  Eastern 
mine;  at  present  it  is  about  f*^4.  A  further  improvement  contemplated  is  the 
change  of  the  steamer  landing  from  Aroroy  to  a  point  near  Maguilangguilang 
Island,  where  a  pier  could  be  built  and  a  road  constructed  to  join  the  present  one. 
This  would  shorten  the  land  transportation  by  more  than  half. 

A  telegraph  line  is  now  being  constructed  from  Aroroy  to  Masl)ate. 

PLACKU    MINIXCJ. 

In  1905  a  dredge  belonging  to  the  Oriental  and  Masbate  Dredging  Company, 
was  put  on  the  (Juinobatan  River  below  the  gorge.  However,  no  exact  prospecting 
or  testing  of  the  ground  had  been  done,  and  the  dredge  was  unable  to  reach 
bottom.  The  returns  were  small  and  tlie  dredge  did  not  run  for  more  than  a  few 
months. 

The  dredge  constructed  on  the  Lanang'lliver  has  had  numerous  ditliculties, 
including  severe  damage  to  a  pontoon  by  a  typhoon,  and  has  been  idle  since 
1908.  The  ground  is  now  being  thoroughly  })rospected  and  if  results  are  favorable 
it  is  probable  that  the  dredge  will  be  rebuilt.  A  promising  field  for  placer  mining 
which  has  not  as  yet  been  much  prospected  is  the  gravel  beach  lying  up  the 
stream  from  the  first  gotge  of  the  Guinobatan. 

The  following  is  a  brief  summary  of  the  more  important  work  done  in  the  district 
up  to  December  31,  1909.  The  Keystone  Mining  Company  on  Aroroy  Mountain 
has  two  shafts  in  ore.  These  are  connected  by  means  of  a  drift,  and  a  crescent 
tunnel  from  the  southern  side  of  the  hill  to  meet  the  upper  shaft  is  being 
advanced.  The  principal  workings  of  the  Colorado  Mining  Company  consist  of 
two  adit  levels  connected  by  an  inclined  shaft  in  the  foot  wall  GO  meters  deep. 
From  the  second  level  there  are  foot-wall  winzes.  Crosscuts  have  been  made  at 
intervals  on  both  levels.  The  Syndicate  Mining  Company,  operating  the  claims 
of  the  Eastern  Alining  Company  on  Kalakbao  Hill,  has  done  development  work 
on  three  claims.  The  earliest  extensive  work,  on  the  Have  Got  claim,  consists 
of  a  crosscut  tunnel  now  caved  at  the  surface,  a  raise  to  the  surface  and  drifts. 
The  Nebraska  Star  has  a  crosscut  tunnel  GO  meters  long,  a  raise  30  meters  to 
the  surface,  and  150  meters  of  drifts  on  four  veins,  and  about  50  meters  of 
crosscut   levels;    on   the   upper  a   crosscut   tunnel   cuts   two   veins   and   there   are 


drifts,  crosscuts,  and  a  raise  to  tlie  surface.  The  An)roy  Mining  Com|Miny  was 
organized  last  year  and  has  taken  over  four  groups  of  chiima,  including  the 
property  of  the  former  Gold  Bug  Company.  Operations  .so  far  have  been  rather 
in  the  nature  of  pros|H>cting  than  of  development.  Considerable  work  baa  been 
done  in  constructing  prospect  tunnels,  open  cuts,  etc.,  on  the  Gold  Hug,  California, 
El  Sol,  Montana,  (Jilt  Edge  and  other  claims.  The  Tengo  Mining  Comjmny, 
successor  to  the  former  Mount  Cogran  Company,  has  begun  development  work 
in  a  systematic  manner.  The  vein  is  now  being  crosscut  in  several  places,  and 
when  sulTicient  ore  has  been  blocked  o\it.  the  mill  will  1m'  put  in  shape  for  use. 

Taken  altof^rethor,  the  district  at  tlio  clo.'^e  of  the  year  11M)1>  is  in  a 
more  satisfactory  condition  tlian  it  ever  was  previously.  This  is  the  first 
time  for  several  years  that  no  production  lias  been  reported,  but  that  of 
former  years  was  premature  and  the  gold  was  obtained  at  great  expense. 
If  the  work  in  the  district  continues  on  the  lines  now  being  followed, 
production  should  begin  again  in  another  year,  and  it  should  not  be  long 
before  several  large  and  profitable  mines  are  operating. 


GOLD  PLACERS  OF  NUEVA  ECIJA. 


By  F.  T.  Eddinqfield. 


The  gold  placers  of  Nueva  Ecija  have  not  received  much  attention, 
although  they  have  been  known  and  worked  for  sixty  years  or  more  by 
foreign  capital. 

It  is  reported  that  a  Spaniard,  fifty  years  ago,  worked  placer  ground  at  a 
point  about  halfway  between  Cabu  and  Pefiaranda  on  the  Sapang  Bujoy.  A  map 
of  Luzon,  by  D'Almonte,  published  in  1883  has  marked  upon  it  six  points  in 
this  district  where  gold  had  been  found,  one  on  the  Sapang  Bujoy,  two  on  the 
Macabaclay,  two  near  the  junction  of  the  Rio  Chico  and  the  Sumagbac,  and 
one  near  the  head  of  the  Santor  or  Cornell  River.  No  further  information  about 
these  points  could  be  found;  but  these  publications  indicate  that  gold  must  have 
been  produced  in  noticeable  quantities. 

An  Englishman  about  1890  did  some  work  near  the  head  of  the  Cabu  River 
at  Bakas.  At  that  time  also,  a  company  was  formed  in  Manila  which  started 
work  on  the  Macabaclay  with  a  crude  sluice.  Its  operations  were  terminated  by 
the  insurrection  of  1896  and  no  more  work  was  done  until  Mr.  Dorr,  who  had 
been  employed  by  this  company,  resumed  work  in  1905.  His  operations  are  fully 
described  in  Mr.  Goodman's  report.^  Very  soon  after  Dorr's  return  two  miners, 
Neill  and  Brown,  worked  the  ground  near  the  head  of  the  Cabu,  but  with  little 
success. 

No  other  records  of  work  done  by  white  men  previous  to  1909  could  be  found; 
but  natives  have  worked  the  gravels  for  ages  by  hand  panning  and  hundreds  of 
them  at  present  have  no  other  occupation.  They  resent  the  influx  of  Americans 
and  do  not  try  to  conceal  their  dislike.  Their  attitude  recently  has  been  so 
hostile  that  precautionary  measures  were  taken  by  the  Constabulary  in  the 
district. 

A  number  of  men  from  Manila  this  year  have  formed  a  company  and  located 
claims  on  almost  every  stream  between  Cabu  and  Gapang.  They  tested  the  ground 
near  Pefiaranda  with  a  boring  machine  and  will  undoubtedly  test  many  more  of 
their  holdings  in  the  near  future.  These  boring  tests  were  reported  as  showing 
33  centavos  per  cubic  yard.  Pan  tests  in  other  localities  gave  much  higher 
values,  ranging  from  50  centavos  to  =P=1.  Such  ground  when  worked  on  a  suitable 
scale  will  give  good  returns  on  the  money  invested. 

One  of  the  most  interesting  features  in  all  parts  of  this  region  is  the 
presence  of  platinum  in  small  quantities.  The  natives  were  ignorant  of 
its  value  and  always  threw  it  away  when  they  separated  it  in  their  pans. 

^  Far  Eastern  Review   (1907),  August. 
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It  is  probable  tliat  iridium  or  othor  rari'  niotals  may  also  be  fouiul,  as 
Mr.  Oooilman  states  in  his  artiele.  The  only  other  region  in  the  Philip- 
pines where  platinum  has  Ikh'ii  eneounterinl  is  at  a  point  about  40  miles 
south  of  the  Xueva  Keija  ilistriet,  and  the  indications  are  that  both 
de|)osits  are  derived  from  the  same  souree. 

The  <?old  is  bright  yellow  and  is  reported  to  be  J^^S  fiiu'.  It  occurs 
almost  unvariably  in  thin  disks  or  Hakes,  varyin«r  in  size  from  a  line  dust 
to  rare  fra*;ments  as  large  as  a  lO-cent  piece:  the  general  run  is  about 
the  size  of  tlattened  bird  shot.  I'his  woidd  lead  to  the  assumption  that 
the  gold  came  from  a  schist  or  gneiss,  or  a  much-s(|ueezed  (piartz  vein. 
The  only  rock  of  this  character  so  far  rejmrted  in  this  regi(m  is  the 
gneiss  mentioned  by  Mr.  (i(M)(hnan,  but  extensive  exploration  has  never 
been  made. 

The  area  in  which  paying  amounts  of  gold  can  be  found  is  very  large, 
extending  from  the  Eastern  Cordillera  to  the  Hio  (irande  de  Pampanga, 
between  the  Santor  Hiver  and  a  line  (J  miles  south  of  the  I^io  (^hico,  about 
()(H)  sijuare  miles.  There  is  a  IkhI  of  sand  and  gravel  which  seems  to  cover 
this  entire  area,  possibly  ])r(Hluced  by  constantly  shifting  streams.  This 
explanation  of  the  origin  seems  more  probable  because  of  the  great  num- 
ber of  streams  which  seem  to  bead  from  about  the  sanu*  source  in  the 
eastern  Cordillera,  and  all  of  which  carry  goM  even  to  their  mouths. 
These  streams  are  the  Hio  Chico,  Hog  Munti,  Sapa  Palanao,  Cornell  or 
Santor,  Mayon.  ^lacabaclay,  Pagsanjan,  Calabasa  and  Cabu,  which  flow 
into  the  Hio  (irande. 

Assuming  the  Eastern  Cordill(»ra  between  the  head  of  the  Cabu  and 
the  Santor  to  l)c  source  of  the  gold,  then  similar  j)lacer  ground  probably 
occurs  on  the  eastern  slope  of  the  mountains  as  well,  possibly  on  the 
Ibonan  Hiver.  This  possibility  has  never  been  thoroughly  investigated, 
partly  because  of  the  warlike  people,  tcM'med  Mambulaos  and  Ibilaos,  who 
live  in  the  hills  surrounding.  This  assumption  regarding  the  origin 
differs  from  that  made  by  Mr.  (Joodman,  who  placed  the  source  of  the 
gold  in  the  Caraballo  Sur.  A  layer  of  clay  called  a  ^'false  bottom/'  which 
overlies  another  bed  of  j)ay  gro\ind,  is  located  underneath  the  gravel  bed 
which  carries  the  gold.  The  total  distance  to  bed  rock  varies  from  8  to  13 
meters  in  general,  but  near  the  head  of  the  Cabu  it  is  very  small  and 
in  a  great  many  ])laces  the  water  ha.s  cut  through  and  worn  a  channel 
in  the  bed  rock.  A  mining  man  from  that  point  n^ported  the  bed  rock 
to  be  lava.     Mr.  (ioodnum  discusses  this  in  greater  detail. 

Black  sand  is  found  everywhere  in  large  quantities,  and  its  presence 
might  prevent  the  successful  exploitation  of  a  great  part  of  the  ground. 

^Ir.  Neill,  wlio  lian  worked  the  ground  near  tlie  head  of  the  Cabu,  found  it 
necessary  to  clean  up  liis  riffles  once  every  three  or  four  liours.  Furtlier  down, 
however,  the  percentage  of  black  sand  diminishes,  and  the  ground  n(»ar  the  mouth 
of  the   Cabu   and  at   Penaran<la    is  considered    very   promising.     Mr.  Neill    states 
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that  the  gold  floats  on  the  water  and  a  large  percentage  is  lost;  and  that  because 
of  its  physical  condition  it  will  not  amalgamate  unless  altered  by  some  preliminary 
treatment;  besides  this,  the  clay  is  very  troublesome  and  necessitates  consider- 
able washing.  These  difficulties  might  be  overcome,  but  a  great  one  would  l)e 
encountered  in  the  wrecking  of  a  dredge  which  might  be  washed  away  by  floods, 
or  typhoons,  which  occasionally  occur  and  from  which  there  is  no  apparent 
protection.  Furthermore,  during  the  dry  season  most  of  the  streams  are  prac- 
tically without  water,  so  that  good  dams  would  have  to  be  built  to  hold  the 
quantity   which   does   flow. 

In  other  respects  the  district  is  well  situated  for  dredging.  It  is  near 
a  railroad  so  that  supplies  can  be  readily  obtained  and  it  is  near  good 
forests  where  suitable  timber  for  construction  can  be  found. 


OTHER  DISTRICTS   (GOLD), 


By  Frank  T.  Eddinqfikld. 


Catanduanes, — Interest  has. lately  been  revived  in  the  gold  deposits 
of  this  island.  Prospectors  from  the  Paracale  district  have  recently 
visited  and  explored  it,  reporting  very  favorably  on  the  prospects. 
They  found  evidence  of  former  mining  by  Spaniards  or  natives  in  the 
northern  part,  and  this  is  usually  an  indication  of  rich  deposits.  Some 
placer  ground  was  also  found  which  might  prove  to  be  profitable.  Coal 
deposits  were  also  reported. 

Ilocos  Norte. — One  prospector,  Mr.  Burdette,  has  located  a  gold  vein 
east  of  Bangui  and  is  at  present  exploring  and  developing  it.  So  far  no 
rich  deposits  of  gold  have  been  found  in  this  province,  which  heretofore 
has  been  known  chiefly  for  asbestos,  manganese,  and  guano. 

Mindoro. — Mindoro  has  been  explored  by  several  prospectors  during 
the  last  few  years,  and  a  company  was  once  formed  to  work  some  of  the 
ground.  Placer  deposits  are  found  on  the  west  and  north  coasts,  some 
of  them  are  said  to  be  suitable  for  sluicing.  Very  little  is  known  of  the 
geology  of  the  interior  of  this  island. 

Mindanao. — The  country  around  Surigao  for  several  years  has  been 
prospected  for  gold  at  intervals  and  recently  two  miners  worked  some 
ground  for  a  short  time,  with  fair  returns.  The  placer  ground  is  said 
to  be  very  good  and  the  gold  very  coarse,  but  conditions  have  been  unfavor- 
able and  prospecting  in  the  interior  dangerous.  Several  prospectors  are 
at  present  again  testing  the  ground. 

Placer  ground  has  long  been  known  near  Cagayan  de  Misamis  on  the 
Cagayan,  Iponan,  and  Pigholugan  Rivers.  Old  Spanish  reports  of  1877 
speak  of  these  localities.  Recently  two  parties  have  been  relocating  the 
ground  and  testing  it  with  boring  apparatus. 

Pangasinan. — For  the  past  year  or  two  the  copper  deposits  of  western 
Pangasinan  have  been  neglected  by  prospectors  as  their  energies  have  been 
directed  toward  the  gold  deposits  in  the  eastern  part  of  the  province  near 
Binalonan  and  Pozorubio.  Manila  capital  has  become  interested  in  some 
of  these  prospects  and  it  is  the  intention  to  develop  them. 

Tayahas. — Two  prospectors,  Messrs.  Bode  and  Villiger,  have  located  a 
number  of  claims  near  Guinayangan.  They  state  that  they  have  found 
several  good  gold-bearing  veins  and  a  large  area  of  placer  ground.  The 
gold  brought  from  these  placers  is  fairly  coarse  and  of  a  good  color.  This 
district  is  directly  opposite  Paracale,  across  the  tail  of  Luzon  and  may  be 
in  the  same  mineral  belt. 
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THE   MANCAYAN-SUYOC    DISTRICT,   MOUNTAIN 
PROVINCE. 


By  Frank  T.  Eddingfielu. 


The  deposits  of  Mancayaii,  as  is  the  case  witli  all  the  others  in  the 
Philippine  Islands,  have  heen  worked  for  years  past  hy  natives,  in  this 
case  by  Igorots,  possibly  l)y  Chinamen,  and  to  a  very  large  extent  by 
Spaniards. 

The  natives'  extracted  the  copper  from  tlie  ore  by  a  hilwrioiis  process,  and 
manufactured  most  of  their  cooking  utensils  from  it.  They  also  became  quite 
expert  in  making  counterfeit  copper  coins  which  were  used  even  after  the  Amer- 
icans took  j)ossession.  The  Spaniards  worked  out  huge  rooms  and  cavities  in 
the  Santa  Barbara  mine,  taking  out  only  the  very  rich  ore  found  in  stringers 
and  {)Ockets,  which  ran  from  40  to  (10  i)er  cent  of  copjK«r.  Tiiis  ore  was  smelted 
in  crude  furnaces  at  the  mine;  probably  less  tiian  50  per  cent  of  the  copper  in 
the  ore  l^eing  recovered. 

These  deposits  at  the  present  time,  at  the  points  opened  u]),  seem  to 
show  the  characteristics  of  a  quartz-])orphyry  in  one  cat^e  and  an  andesite 
in  another,  both  of  which  have  largely  heen  re})laced  by  silica,  fractured 
by  subsequent  action  and  enriched  along  the  fissures  thus  made  with 
secondary  copper,  which  may  be  supposed  to  have  come  from  a  copper- 
quartz  vein  somewhere  in  the  formation. 

There  appear  to  be  three  bodies  of  ore  varying  from  18  to  150  meters 
in  width.  These  bodies  run  parallel  and  only  about  100  meters  apart ; 
they  can  be  traced  for  about  4  kilometers  on  the  surface  in  a  northwest- 
southeast  direction  from  the  foot  of  the  hill  north  of  Mancayan  to  Pocta 
Creek  and  beyond.  Pocta  Creek  cuts  the  three  veins  which  stand  out 
with  great  distinctness  above  the  bed  of  the  stream.  It  is  here  that  the 
character  of  the  deposits  is  best  seen. 

The  values  are  unevenly  distributed  throughout  the  bodies.  In  one  case  a 
strip  40  meters  wide  on  the  eastern  part  of  the  ore  body  carries  2  to  3  per  cent, 
while  the  remainder  of  a  total  width  of  130  nutters  is  barren.  Another  section 
has  about  2  per  cent  for  its  entire  width  of  130  meters. 

The   Santa   Barbara    is   the    only   property   on    which    mining   has    been   done. 

From  2,000  to  3,000  meters  of  tiuinels  and  drifts  has  been  driven  in  this  deposit 

by  the  Spaniards  and  the  American  successors  to  the  property.     The  Spaniards 

must  have  taken   out  several    hundred   thousand    tons  of   ore,   working   only   the 
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rich  stringers  and  pockets.  These  stringers  contain  tetrahedrite,  bornite,  luzonite, 
chalcopyrite  and  some  oxides.  The  stringers  vary  in  width  from  a  few  centi- 
meters to  over  a  meter  in  some  rare  cases,  and  strike  at  an  angle  of  almost  30' 
to  the  main  body,  although  one  or  two  veins  lie  parallel  to  it. 

There  are  five  levels  embracing  a  vertical  height  of  over  60  meters.  The  lowest 
of  these,  the  drainage  tunnel,  has  over  300  meters  of  development.  A  crosscut 
in  the  north  end  exposes  some  very  rich  ore  in  what  appears  to  be  a  rather  large 
pocket.  Small  stringers  are  also  found  at  various  other  points  on  this  level. 
This  pwint  is  emphasize<l  because  of  a  contrary  statement  which  appears  on  page  61 
in  Bulletin  Xo.  4  of  the  Mining  Bureau,  by  Mr.  Eveland,  who  was  unable  to  reach 
all  parts  of  this  level  on  account  of  tlie  condition  of  the  drifts. 

Some  claims,  owned  by  Mr.  GafTncy,  lie  to  the  north  of  the  Santa  Barbara. 
He  has  done  about  500  meters  of  development  work  on  seven  of  these  claims, 
exposing  some  very  good  low-grade  ore.  In  the  "Oriental"  claim  he  has  cut  20 
meters  of  ore. 

South  of  the  Santa  Barbara  are  properties  owned  by  Messrs.  Chambers,  MuUer, 
Wright,  and  Pettit  on  which  more  or  less  work  has  been  done.  Messrs.  Chambers 
and  Muller  have  cut  an  ore  body  160  meters  wide,  said  to  carry  2  per  cent  of 
copper,  which  appears  to  be  the  central  body  of  the  three.  Some  work  has  also 
been  done  on  the  outcrops  on  Pocta  Creek.  South  of  this  but  little  copper  has 
been  found. 

Numerous  veins  which  carry  gold,  silver,  and  some  copper  occur  at 
Suyoc.  They  are  in  general  true  fissure  veins  with  quartz  filling,  1  to 
6  meters  wide,  occasionally  having  stringers  of  calcite  along  the  walls,  and 
they  are  said  to  carry  irom  $10  to  $50  per  ton  in  gold  alone.  Tlie  gold 
appears  for  the  greater  part  as  a  t^illuride,  but  it  occasionally  is  found 
free,  and  associated  with  zinc,  lead,  copper,  iron,  and  manganese. 

The  veins  are  found  in  conglomerate,  in  diorite,  in  andesite,  and  in 
andesite-breccia.  The  fissuring  seems  to  have  occurred  after  the  forma- 
tion of  sedimentaries  and  was  probably  caused  by  the  intrusion  of  tlie 
Bagan  granite  wliich  lies  to  the  west. 

The  values  which  are  encountered  in  stringers  of  rich  ore  could  readily 
be  concentrated.  The  "Elizabeth,"  "Anaconda,"  and  "Quien  Sabe"  are 
all  properties  tliat  show  great  promise. 

Tlie  ore,  both  copper  and  gold,  seems  to  call  for  concentration  and 
smelting  by  the  usual  class  of  mill  and  smelter  suitable  for  the  purpose. 
Cyaniding  might  be  used  with  the  gold  ores,  although  their  high  copper 
content  seems  prohibitive. 

The  Mancayan  copper  deposit  will  be  workable  by  quarrying  for  a  great 
many  years,  but  the  gold  veins  will  need  to  be  mined  in  the  usual  way 
because  of  their  width.  However,  the  work  should  be  cheap  since  so 
great  a  depth  can  be  reached  with  drifts  or  tunnels. 


THE  BULACAN  IRON  DEPOSITS. 


Bv  Warken  D.  Smu 


There  has  heen  no  change  in  the  methods  of  snieltin<^  since  Mr.  Xfc- 
Oaskcy's  visit  in  11)03,  whose  aeeount  ^  is  so  complete  and  accurate  that  T 
shall  refer  readers  to  it  for  a  full  discussion. 

The  ore  used  is  liigh-grado  liematitt*  whicli  the  natives  tind  on  the  surface,  or 
(|uite  near  it;  it  is  dumped  into  a  crude  fire-chiy  furnace  with  charcoal,  hut 
no  flux  is  used.  By  means  of  a  large,  hollowed  tree  triuik,  containing  a  piston 
operated  hy  one  or  more  men,  a  very  unsatisfactory  hlast  of  air  is  produced.  The 
metal  and  slag  run  out  of  the  same  opening,  the  slag  first,  followed  hy  the  metal. 
The  latter  is  then  poured  into  small  fire-clay  molds  for  plowshares.  These  are 
then  packed  hy  carriers  down  to  Angat  and  from  tl^ere  distrihuted  all  over 
Bulacan  and  neighhoring  provinces. 

The   Ilison  mine,   which  has  heen   longest   and   most  successfully  in 

operation,  is  owned  and  operated  hy   Dona  Maria  Altesa   Fernando,  of 

Angat,  so  that  the  (mly  really  successful  iron  furnace  existing  to-day  in 
the  Philippine  Islands  is  owned  and  managed  hy  a  Tagalog  woman. 

During  lOOO  Maria  Fernando  made  and  sold  over  3G,0()0  j)airs  of  plowshares. 
Although  the  insurrecticm  and  a  costly  lawsuit  at  one  time  nearly  wrecked  her 
business,  she  has  kept  on  and  is  making  sufficient  money  to  rehabilitate  herself 
and  in  addition  to  educate  her  younger  brother  in  Manila  as  an  engineer. 

In  addition  to  the  two  furnaces  oj)erated  by  Dona  Maria  Fernando,  there  are 
three  new  claims  on  which  furnaces  have  been  erecttnl,  but  they  are  not  as  yet 
well  started.  I  have  not  seen  them.  Sr.  Infantado  has  prodxiced  a  few  tons  of 
metal  this  year,  but  his  furnace  was  not  running  in  1909. 

I  wish  here  to  record  the  result  of  my  own  very  limited  observations  in 
addition  to  the  remarks  hy  Mr.  McCa^key  regarding  the  (K-eurrence  of  the 
ore.  The  ore  is  found  in  the  massive  crystalline  rocks  of  this  region, 
which  are  in  the  main  dioritic  and  andesitic.  The  iron  ores,  hematite, 
magnetite,  etc.,  are  alterations  of  these  crystalline  rocks  in  place.  They 
are  not  sedimentary  deposits,  and  therefore  any  regular  strikes  and  dips, 
such  as  occur  in  sedimentaries,  would  not  he  found.     The  iron  deposits. 

*  Bull.  No.  3  of  the  Mining  Bureau. 
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as  far  as  I  was  al»K'  to  make  out,  liave  absolutely  no  foiuuH-tion  witli  the 
later  sedinientaries.  The  diorite  is  verv  rieh  in  ferroinajjciiesian  minerals, 
with  an  unusual  amount  of  iron  pyrites  and  ehaleopyrite  which  iiave 
gradually  yielded  their  iron  to  the  ]>ereolatin^  jjround  water  traveling 
alon«:  fractures.  1'he  present  deposits  in  my  opinion  represent  merely  a 
set^ret^ation  of  iron  oxide  result in«^  from  d(H'omj>osition  of  the  ahove- 
mentioneil  minerals. 

Considerable  stripf>in^  and  diamond  drilling  will  he  necessary  to  prove 
the  value  of  thes(»  deposits. 


OTHER  METALLIC  MINERALS. 


By  Henby  G.  Febguson. 


Besides  the  gold  deposits  already  described,  the  Philippines  are  known 
to  contain  deposits  of  copper,  argentiferous  lead,  iron,  and  probably 
other  minerals  as  well.  However,  up  to  the  present  time,  the  limited 
capital  available  has  naturally  been  turned  first  to  gold,  but  now  that 
gold-  mining  promises  to  be  a  good  investment,  we  may  expect  develop- 
ment along  other  lines. 

COPPER. 

The  copper  mines  of  the  Mancayan-Suyoc  area  in  the  Lepanto  sub- 
province  of  the  Mountain  Province  have  been  described  separately. 

Mention  was  made  in  our  last  annual  bulletin  of  the  deposits  of  native 
copper  and  copper  sulphide  near  Milagros,  Masbate.  No  work  has  been 
done  on  these  during  the  past  year  and  there  is  no  immediate  prospect  of 
further  development.  Many  ol  the  gold  ores,  particularly  those  of  the 
San  Mauricio  Company,  in  Ambos  Camarines,  contain  a  considerable 
proportion  of  minerals  carrying  copper ;  these  will  be  shipped  to  smelters 
as  concentrates. 

The  following  is  a  list  of  provinces  in  which  copper  ore  is  known  to 
occur : 

IIocos  Norte,  in  the  northern  cordillera. 
Ilocos   Sur,  in  Abra  subprovince. 

Mountain  Province,  in  Lepanto  and  Benguet  subprovinces. 
Pangasinan,   in  the  vicinity   of   Salasa. 

Zambales  and  Bataan,  at  different  points  throughout  the  Zambales  cordillera. 
Batangas,   in  the  Loboo  Mountains. 
Tayabas,  in  the  central  range  near  Atimonan. 

Ambos  Camarines,  in  the  vicinity  of  the  Paracale-Mambulao  gold  district  and 
on  the   Karamoan  Peninsula. 
Mindoro,  in  the  northern   part. 
Marinduque,   near   Torrijos. 

Masbate,  in  the  main  range  of  the  island,  east  of  Milagros, 
Samar,  on  the   small   island   of  Kagul. 
Misamis,  in  the  region  south  of  Cagayan  de  Misamis. 
Surigao,   in   connection   with   the   gold   ores. 
Moro    Province,    on    the   Island   of   Sulu. 
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SILVER  AND   L£AD. 

All  the  gold  won  in  the  Philippines  is  alloyed  to  some  extent  with 
silver;  the  proportion  varying  from  less  than  5  per  cent  in  the  placer  gold 
of  Paracale  to  30  per  cent  in  some  of  the  golA  mined  in  Benguet. 

The  principal  occurrences  of  silver-bearing  galena  are:  The  vicinity 
of  Paracale,  Ambos  Camarines;  the  Catarman  peninsula  in  the  same 
province;  the  Island  of  Marinduque,  near  Torrijos;  Masbate,  near  Mila- 
gros;  and  Cebu,  near  Mount  Acsubing.  All  of  these  deposits  have  been 
prospected  to  some  extent,  but  at  present  work  is  being  carried  on  only 
in  the  Marinduque  field. 

MANGANESE. 

Deposits  of  manganese  oxide  occur  in  Ilocos  Norte,  near  Bangui,  and 
on  the  Island  of  Masbate  in  the  Aroroy  gold  district.  The  deposits 
of  Ilocos  Norte  have  been  thoroughly  prospected  and  development  work 
may  be  undertaken  in  the  near  future.  It  is  planned  to  spend  a  small 
amount  of  money  on  the  immediate  prospecting  of  the  deposits  in  Mas- 
bate  and  should  this  show  favorable  results,  development  work  will  be 
begun. 

OTHER   METALS. 

Platinum  has  been  found  in  small  amounts  in  the  auriferous  sands 
of  Nueva  ficija.  Zinc  blende  occurs  in  the  gold  ores  of  Ambos  Camarines 
and  associated  with  the  lead  deposits  of  Marinduque  and  Masbate. 
Specimens  of  stibnite  have  been  brought  to  this  Bureau  from  Bataan 
and  Batangas  Provinces.  Molybdenite  has  been  found  in  Batangas  and 
Ambos  Camarines.  The  Negritos  from  the  region  around  Mount  Tsarog, 
Ambos  Camarines,  are  said  to  collect  small  amounts  of  native  mercury, 
and  only  very  recently  cinnabar  has  been  discovered  in  Benguet.  Native 
arsenic  has  recently  been  encountered  near  Bugias,  Benguet. 


PHILIPPINE  COAL. 


By  Warbkn  D.  Smith. 


After  nearly  a  decade  of  prospecting  and  preparation  under  the  new 
regime,  including  a  number  of  false  starts,  two  coal  mines  are  now  in 
operation  in  the  Philippine  Islands.  These  are  both  situated  on  the 
small  island  of  Batan,  Province  of  Albay,  Luzon. 

(bal  in  the  Philippines  occurs  with  Tertiary  shales  and  sandstones 
on  nearly  every  island  of  the  Archipelago,  witli  the  greatest  development 
in  the  Visayas.  1'he  coal  is  classed  as  sub-bituminous.  The  highest 
percentage  of  fixed  car))on  yet  recorded  is  in  a  sample  from  the  old 
Compostela  mine  in  Cebu,  51  per  cent.  The  coal  is  invariably  low  in 
ash.  It  has  been  found  satisfactory  for  ordinary  steaming  purposes 
when  burned  on  proper  grates  and  with  care  in  firing.  The  seams  range 
from  a  few  centimeters  to  4  meters  in  thickness.  They  are  usually, 
with  the  exception  of  those  on  the  eastern  part  of  Batan,  inclined  at  all 
angles  up  to  the  vertical  and  are  more  or  less  faulted.  The  roof  as  a 
rule  is  firm  and  the  cleats  are  good.  The  most  favorable  mining  con- 
ditions so  far  found  are  on  the  eastern  end  of  this  island. 

The  principal  localities  in  the  Archipelago  are  as  follows: 


Location. 


Batan  Island Albay 


Island. 


Sugod  Bay 

Near  Compostela. 

Near  Danao 

Polillo  Island 

Cataingan 


I 


-do ;  Luzon. 


Cebu I  Cebu. 

Tayabas-- 


,  „,  ^,  "    iSorsogon  _   Masbate.     i 

!  Dimas  Alang }  "^        I  | 

!  Bulalacao 1  Mindoro..!  Mindoro.     I 

I  Silay  River,  Sibuguey  Bay !  Moro i  Mindanao.  I 


Coal  was  first  discovered  in  the  Philippines  in  1827  on  the  Island  of 
Cebu,  the  nearest  approach  to  a  successful  coal  mine  during  the  Spanish 
regime  being  on  that  island.  In  1904  the  United  States  Army  began 
development  work  on  the  western  end  of  Batan  Island,  and  in  the  fall 
of  1905  work  was  started  on  the  East  Batan  Coal  Company  property.  It 
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is  understood  that  operations  will  soon  be  resumed  on  the  old  properties 
near  Compostela  and  Danao,  on  the  east  coast  of  Cebu.  Vigorous  ex- 
ploration was  recently  begun  in  the  eastern  portion  of  Masbate  Island, 
but  in  the  other  localities  little  is  being  done  at  the  present  time. 

COAL  IN   ALBAY   PROVINCE. 

The  coal  industry  in  the  Philippines  has  now  passed  beyond  the  stage 
of  prospect.     Development  and  production  have  begun. 

Development  work  will  soon  be  renewed  on  the  old  Spanish  properties 
near  Bacon  in  Sugud  Bay.  The  coal  seams  should  easily  and  profitably 
be  worked  in  that  locality,  as  very  little  indication  of  ext<}n8ive  disturbance 
appears  on  the  surface. 

The  only  present  coal  production  is  from  the  mines  on  the  Island  of 
Batan,  off  the  Albay  coast.  The  Cebu  properties  remain  in  about  the 
same  condition  they  were  in  at  the  beginning  of  1909. 

THE   UNITED   STATES   ARMY   COAL  MINE. 

Tliis  mine,  is  located  on  the  west  end  of  the  island  at  Liguan  (see  map). 
Approximately  2^  kilometers  of  galleries,  including  entries,  headings,  crossholings, 
rooms,  etc.,  have  been  opened  up;  these  are  confined  to  three  principal  seams, 
of  which  the  uppermost  at  present  furnishes  the  coal.  This  seam,  outcropping  at 
an  elevation  of  60  meters  above  sea  level,  is  1  meter  thick;  it  is  dipping  at  an 
angle  of   45°    to   the   northwest. 

The  two  longer  ones  are  40  feet  apart  and  are,  respectively,  1.54  meters  and 
1.33  meters  in  thickness.  The  measures  at  No.  4  entry  on  the  upper  seam, 
which  is  at  present  being  used,  are  marked  by  a  coarse  grit  or  conglomerate  full 
of  quartz  pebbles,  both  above  and  below  the  coal.  This  occurrence  has  not  been 
noted  in  the  coal  measures  on  the  eastern  end  of  the  island.  This  coal  is  quite 
firm  and  is  superior  in  appearance  to  the  Japanese  coal  sold  in  Manila.  Recent 
steaming  tests  show  it  to  be  better  for  steaming. 

As  was  predicted  in  1905,  a  number  of  small  faults  and  rolls  have  been 
encountered.  From  my  recent  examination  of  the  mine  I  do  not  think  that 
these  are  so  serious  as  to  make  the  operations  unprofitable;  but  it  is  clear  that 
the  mining  of  coal  on  this  end  of  the  island  will  call  for  the  most  experienced 
engineering  ability. 

Since  our  last  report  108  meters  of  new  dockage  and  a  2,000-ton  bin  with 
double  tracks  connecting  it  with  the  dock  have  been  built. 

The  output  with  hand  labor  varies  from  60  to  80  tons  a  day.  This,  however, 
is  not  regular. 

During  the  past  year  6,000  tons  were  taken  out  and  supplied  to 
various  vessels  of  the  Army  and  Navy. 

THE  EAST  BATAN  COAL  COMPANY. 

A  number  of  changes  and  improvements  have  been  made  at  this  mine. 

The  most  important  is  the  abandoning  of  the  old  and  wasteful  Japanese  methods. 
With  the  arrival  of  Mr.  Davy,  a  man  experienced  in  underground  work,  the  mine 
is  being  rapidly  put  into  up-to-date  condition.     The  old  method  of  working  to  the 
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dip  and  robbing  the  ribs  lian  l>een  abandoned.  Jt  lias  l>een  found  tliat  after  tlie 
first  30  centimeters  of  the  roof  scales  off,  the  rest  stands  with  only  a  row  of 
props,  so  that  henceforth  an  immense  amount  of  timbering  can  be  avoided.  This 
roof  has  a  tendency  to  arch  itself,  and  it  is  quite  likely  than  even  props  in  the 
haulage- ways  can  be  dispensed  with. 

Since  our  last  report  HS3  meters  of  new  track  have  l)een  laid,  connecting  the 
mine  with  a  new  dock  on  whicli  a  very  ingenious  loa<ling  tower  which  travels  on 
a  track  the  whole  length  of  the  wharf  has  been  erected.  The  tram  cars  have  side 
doors,  by  means  of  which  the  coal  is  emptied  into  the  loading  bucket  which  is 
hoisted  up  to  the  required  chute.  There  are  four  of  the  latter  from  which  the 
coal  slides  into  the  ships'  bunkers.  The  superintendent  plans  to  change  this 
system  so  that  the  tram  car  itself  will  \ye  hoisted,  thus  obviating  one  handling 
of  the  coal.  This  loading  tower  is  14.5  meters  high.  The  bucket  holds  1  ton. 
The  tram  cars  have  a  capacity  of  2  tons.  Other  improvements  are  the  digging 
of  a  new  sump  in  the  mine  and  the  installation  of  an  Emerson  pump  with  a 
capacity  of  757  liters  a  minute.  A  new  70-horse])ower  boiler  is  also  IxMug 
installed. 

There  are  in  all  6,096  meters  of  galleries,  the  main  entry  295  meters  at  an 
angle  of   15°,   but   40°   off   the  dip. 

Although  the  production  is  not  regular  the  average  output  is  now  150  tons 
a  day;  when  the  present  clmnges  liave  been  completed  this  will  be  increased  to 
200  or  250.  It  should  l>e  rememl)ered  that  as  yet  no  machines  have  l)een  used. 
Mr.  Daniels,  manager,  c<mtemplates  the  installation  of  compressed  air  drills,  nnile 
haulage,  electric  lights,  and  a  number  of  other  improvements  within  the  year. 

The  coal  pockets  which  the  Civil  (Jovernnient  proposes  to  erect  here  have  not 
yet  been  constructed.     They  will  be  a  very  desirable  addition  to  the  plant. 

The  conditions  for  economical  mining  on  this  end  of  the  island  are  very 
favorable.  The  cojil  seam  now  b<Mng  worked  is  1.7  meters  thick  and  is  perfectly 
uniform,  seemingly  without  a  trace  of  faulting  and  only  a  slight  tendency  to  roll. 
It  has  fine  face  and  butt  cleats,  so  that  there  is  no  need  of  powder,  nor  has  any 
accumulation  of  gas  been  noticed.  If  more  efficient  lal)or  could  l)e  had  the  condi- 
tions would  be  ideal  for  long-wall  mining.  The  method  employed  now  is  the  "room 
and    pillar." 

This  company  as  it  is  now  organized  with  Mr.  Daniels  as  general  manager  and 
Mr.  Davy  in  charge  of  the  underground  work  has  every  reason  to  expect  a  suc- 
cessful future.  One  shipment  of  coal  from  this  property  has  recently  been  sold 
in  Hongkong  and  another  in  Singapore.  Tests  on  the  briquetting  of  this  coal 
will  shortly  l)e  made  by  the  Ihiited  States  Geological  Survey  at  its  Pittsburg 
ortice. 

COAL    IN    CEBIT. 

The  geology  of  the  Ishiiid  of  Ce])u  was  Piimmarized  by  me  in  my 
paper  on  this  region  puhlished  in  1907.^ 

The  complete  history  of  the  discovery  of  coal  and  operations  in  Cebu 
is  given  by  Mr.  Burritt  in  "The  Coal  Pleasures  of  the  Philippines''- 
which  is  a  compilation  and  translation  from  the  Sjianish  records,  a 
brief  summary'  will  therefore  suffice  for  this  bulletin. 

'Phil.  Journ.   ISci.,  ^Vr.   A     (1907),    2,   377. 

'  Report  to  the  United  States  Military  Governor  in  the  Philippines.  Wash- 
ington,   1901. 


Coal  was  discovered  in  C'ebu  in  1827.  Tho  first  concessions  in  the  Compostela- 
Danao  region  were  solicited  by  Isaac  Conui  in  1871.  A  wagon  road  was  built 
from  Cot-cot  cove  to  the  workings  at  Dapdap  in  1877.  The  formation  of  the 
association  known  as  tlie  Sociedad  Nuevo  Langroa  and  the  beginning  of  actual 
work  took  place  about  1890.  The  construction  of  a  tramroad  from  Danao  to 
Camansi,  and  from  Compostela  to  Mount  Lioos.  was  undertaken  in  1896.  Tho 
Spanish-American  war  in  1898  occurred.  In  this  year  all  the  concessions  in  this 
district  came  into  tlie  liands  of  Mr.  Enrique  Spitz.  These  liavo  changed  hands 
again  and  are  controlled  by  the  Insular  Coal  Company,  whicli  is  now  in  the 
field  carrying  on   exploratory   work. 

In  1907  and  1908  two  companies  were  engaged  in  vigorous  exploration  of  tins 
field,  the  Insular  Coal  Company  in  the  Mount  Licos  and  (^amansi  region  and  a 
New  York  syndicate  in  the  Cumayjumayan  Valley,  but  there  has  l)een  no  further 
work.  It  is  understood  that  negotiations  are  under  way  for  the  formation  of 
a  hirge  company  to  mine  this  coal  in  the  very  near  future. 

The  district  is  one  in  which  tlie  geology  is  very  coniplicateil,  but  not 
more  so,  it  is  believed,  than  in  the  other  coftl-benri ng  areas  of  the 
Archipelago.  It  certainly  has  some  features  possessing  advantages  over 
other  parts  of  the  Island  of  Cebu,  where  coal  may  be  found  in  almost 
all  parts. 

During  the  last  year  Mr.  Mitkaiwicz,  in  one  locality  in  the  Minanga  Valley, 
did  some  development  work.  A  sample  taken  by  myself  from  the  dump  was  found 
to  form  a  not  very  firm  coke. 

COAL    SEAMS. 

The  three  fields  at  present  being  developed  are  rather  limited,  but 
amply  sufficient  for  a  considerable  production  of  coal.  A  very  con- 
servative estimate  of  the  possible  tonnage  would  be  3,000,000  workable 
tons  in  the  Cumayjumayan  Valley  and  two  to  four  million  in  the 
combined  Mount  Licos  and  Camansi  fields.  The  coal  seams  are  inclined 
at  angles  from  30°  to  90°.  There  is  evidence  of  considerable  minor 
faulting,  but  probably  none  which  will  seriously  afTect  mining  opera- 
tions. Five  coal  seams  are  known,  at  least  three  of  which  should  be 
profitable,  two  of  these  are  over  3  meters  thick  in  one  part  of  the 
field.  The  following  beds  were  encountered  at  Mount  Licos,  from  west 
to  ea«t,  that  is  from  lowest  to  highest: 

(1)  The  "Carmen;"  thickness  1.60  meters,  strike  northeast-southwest,  dip  30* 
southeast;    40  meters   interval. 

(2)  "Esperanza;"  50  centimeters,  strike  the  same  as  above,  dip  the  same;  9 
meters   interval. 

(3)  "Enrique  Abella;"  thickness  1.20  meters,  strike  north  23'  east,  dip  40' 
to  southeast;   40  meters  interval. 

(4)  "Pilarica;"  thickness  1.40  meters,  strike  north  23**  east,  dip  30*  southeast. 

Over  300  meters  of  drifts  formerly  existed  at  the  old  Licos  workings. 

About   100  tons  of  coal,  taken  from  the  "Esperanza,"   "Ramoncita/' 

and  "Enrique  Abella"  galleries  have  been  on  the  dump  for  three  or 

four  years.     In  this  time  the  coal  has  not  taken  hre,  nor  has  it  "air- 
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slacked^'  very  greatly,  good  signs  for  its  handling  and  storing.  The  coal 
throughout  the  district  is  remarkably  free  from  dirt,  "butter"  and 
"bone'^  and  is  quite  low  in  sulphur. 

Dr.  A.  J.  Cox,  of  th«  Chemical  Laboratory,  Bureau  of  Science,  has 
discussed  the  composition  of  the  coal  in  various  papers.*^ 


Labor  conditions  on  the  whole  are  good  in  Cei)u  and  in  the  Com- 
postela-Danao  district  the  natives  liave  more  or  less  familiarity  witli 
underground  work,  gained  by  experience  of  a  score  of  years  imder  the 
tutelage  of  the  Spaniards.  The  present  wage  in  this  field  is  40  centavos 
and  subsistence  for  the  outside  laborers,  and  50  centavos  for  the  under- 
ground men;  however,  of  late  the  Insular  Coal  Company  has  found 
it  best  to  pay  by  the  foot  in  drifting.  The  price  per  foot  will  of  cour-c 
vary  according  to  conditions.  The  Pliilippinc  liailroad  Construction 
Company  has  found  the  native  labor  to  ])e  very  satisfactory.  In  theij* 
work  thousands  of  natives  wore  used  at  a  wage  of  50  centavos  and  sui)- 
sistence.     The  subsistence  was  ai'ranged  for  by  contract  with  a  Chinaman. 

TRAN  SPORTATION. 

The  new  railroad  from  the  city  of  Cebu  to  Danao,  a  distance  of 
32  kilometers  (20  miles),  is  completed  at  this  date.  From  Danao  to 
the  Camansi  workings  is  a  distance  of  about  8  kilometers  (5  miles) 
with  a  rise  of  75  meters  (250  feet).  There  is  now  a  tramroad  over  thi?^ 
course,  an  heirloom  from  the  Spanish  regime;  but  this  will  need  to 
be  replaced  by  new  rails  and  more  clearing  will  have  to  be  done  before 
any  extensive  work  is  undertaken.  The  transportation  problem  in  the 
other  parts  of  the  district  will  not  be  so  simple,  and  I  believe  overhead 
cables  or  inclined  planes  will  be  found  to  be  necessary. 


"^Phil  Journ.  ^ci.,  Sec.  A    (1006),   877;    (1907),   2,   41;     (1908),   3,   91,   301; 
(1909),    4,    171. 


COAL  IN  THE  CAGAYAN  VALLEY. 


Bv  Henry  G.  Ferguson  and  R.  N.  Clark. 


Coal  has  Ion*r  boon  known  to  exist  in  the  Capiyan  N'alley  in  tlie 
vicinity  of  Alcala,  and  in  September,  1008,  we  liad  the  opportunity  of 
visiting  several  of  the  outcrops. 

The  first  of  these  is  near  Baggao,  a  snmll  town  about  10  kih)nieters 
up  the  Paret  River,  a  stream  joining  tlie  Cagayan  at  Alcala.  The  coal 
outcrops  in  a  small  brook  called  the  Wawing,  about  3  kilometers  north 
of  the  town.     Here  the  seam  is  about  a  meter  in  thickness. 
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Fio.  1.  Coal.  Outcrops  in  Caoayan  Valley. 
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About  2  kilometers  west  of  this  outcrop,  coal  occurs  in  the  bed  of 
a  small  stream  flowing  north.  It  was  not  possible  to  gauge  the  thickness 
of  the  seam  here,  but  in  all  probability  it  is  no  greater  than  the  first 
one  we  visited.  There  is  said  to  be  better  coal  farther  up  the  Parct 
Elver  in  the  San  Jose  Valley,  near  the  barrio  of  Taytay. 

To  the  northeast  of  Nasiping  stretches  a  range  of  low,  grass-covered  hills 
among  which  the  coal  beds  are  located.  The  first  bed  visited  lies  north  35°  east 
of  Nasiping  and  2.5  kilometers  distant;  the  elevation  by  aneroid  being  95  meters 
above  the  Cagayan  River. 

About  2  kilometers  to  the  northeast  of  the  steel  bridge  across  the  Tupong  Creek 
and  about  4  kilometers  north  of  Alcalfi  an  outcrop  was  foimd  in  the  bed  of  Tarya 
Creek,  barrio  of  Maasin,  and  46  meters  above  the  Cagayan  River.  The  coal  at 
this  place  strikes  north-northeast  and  dips  30°  to  the  west-northwest.  Directly 
above  is  a  layer  of  black  clay  and  below  a  lighter  colored  variety.  The  coal  seam 
is  but  0.5  meters  in  thickness. 

The  following  analysis  of  this  outcrop  coal  was  made  by  Dr.  A.  J.  Cox,  of  the 
Bureau  of  Science: 

Per  cent. 

Water  19.3 

Volatile  combustible  matter  38.8 

Fixed  carbon 30.3 

Ash  - 11.0 

Total    100.0 

If  we  consider  the  poor  quality  of  the  coal  and  the  thickness  of  the 
seams,  together  with  the  distance  from  Manila  as  well  as  the  scarcity  of 
labor,  it  will  be  seen  that  this  coal  probably  will  never  become  available 
for  the  Manila  market.  However,  there  is  no  reason  why  the  river  steam- 
boats could  not  save  a  large  part  of  their  coal  bills  by  using  it  mixed 
with  Australian,  and  it  might  be  possible,  if  developments  should  show 
improvement  in  quality  and  continuity  of  seams,  that  steamers  calling  at 
Aparri  would  find  it  profitable  to  take  part  of  their  coal  at  that  port 
instead  of  at  Manila. 


MISCELLANEOUS  NONMETALLIC  MINERAL  PRODUCTS, 

PART  I. 


By  George  I.  Adams  and  Wallace  E.  Pratt. 


STRUCTURAL   MATERIALS. 

The  information  secured  concerning  the  production  of  nonmetallic 
minerals  during  the  calendar  year  1909,  is  considerably  more  complete 
than  that  which  was  published  last  year,  when  the  first  attempt  was  made 
to  gather  statistics  concerning  these  products. 

Through  tlie  courtesy  of  the  Director  of  the  Bureau  of  Education,  permission 
was  obtained  to  send  scliedules  to  the  supervising  teachers  throughout  the  Islands 
asking  for  estimates  of  the  amount  of  sand,  gravel,  crushed  or  broken  stone, 
building  stone,  lime,  brick  and  tile,  pottery,  clay,  and  salt  which  was  produced 
in  their  districts.  The  answers  received  for  the  most  part  showed  that  con- 
siderable interest  and  care  had  been  given  to  the  filling  of  the  schedules,  and  in 
some  cases  valuable  information  was  included  which  was  not  asked  for  by  the 
questions  on  tlie  blanks. 

This  method  of  collecting  statistics,  even  when  fully  airried  out,  is  defective, 
since  there  are  parts  of  the  Islands  in  which  no  schools  are  maintained,  notably 
in  parts  of  Mindanao  and  the  Mountain  Province.  Moreover,  most  of  the  produc- 
tion is  the  result  of  intermittent  industry  and  some  products  are  made  by 
household  industry  for  immediate  use  and  consumption,  so  that  it  is  dilTicult  to 
obtain  accurate  figures  concernij)g  the  total  value  of  the  products.  In  some  cases 
the  articles  have  no  local  market  value  since  they  are  exchanged  by  barter. 

The  principal  production  and  use  of  stone,  gravel,  and  sand  lias  been 
by  the  Bureau  of  Public  Works,  tlie  United  States  Army  engineers,  the 
railway  companies,  the  city  of  Manila,  and  the  Bureau  of  Navigation 
which  has  charge  of  the  port  and  river  improvements.  Information  in 
regard  to  the  amount  of  materials  used  by  them  has  been  secured  through 
the  cooperation  of  the  ofTicers  in  charge  of  the  construction.  The  total 
production  is  shown  in  t)ie  following  table: 
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Value  of  miscellaneous  uonmetallic  minerals,  in  pesos,  Philippine  currency, 

1909.' 


Products. 


190H.  1909. 


Stone I  149,930 

Gravel .J  171,360  ; 

Sand _ ...J  3o,000  \ 

Lime... ■  20,000 

Clay  productfl j  421,628 

Salt.. I  (•) 

Total j  S1.%91H  ; 

•  Not  reported. 


311,177 
289, 550 
35,500  ' 
09, 65<-. 
422, 840 
375,  368 


1.504.091 


Under  this  head  the  production  of  cut  stone,  building  stone,  marble, 
crushed  stone  and  gravel  is  discussed. 

Cut  stone. — The  construction  of  the  dam  at  the  headworks  of  the  Manila  water 
supply  was  continued  during  the  year  of  1909,  and  a  small  amount  of  cut  stone 
was  used  for  facing  it.  This  material  is  a  fine-grained  limestone  which  is  con- 
siderably metamorphosed,  so  that  it  approaches  a  marble.  It  shows  evidence  of 
dynamic  action  and  contains  many  cemented  fracture  lines  which  on  weathering 
develop  so  conspicuously  as  to  require  careful  selection  of  the  blocks  for  structural 
use.  This  stone  has  previously  been  employed  to  a  limited  extent  in  Manila  and 
may  be  seen  in  the  General  Blanco  and  Maura  bridges,  where  it  was  used  in  the 
ornamentation  of  these  structures,  in  the  bases  of  columns  in  the  Santo  Domingo 
Church  and  in  the  floor  of  San  Sebastian  Church  and  in  a  few  sidewalks.  It  has 
grayish  to  bluish  and  yellow  tinges  and  is  not  very  satisfactory  as  an  ornamental 
stone. 

Probably  none  of  the  igneous  rocks  of  the  Islands  were  used  as  cut 
stone  during  the  year^  although  a  number  of  them  are  well  suited  for  the 
purpose.  The  andesite  from  the  Sisiman  quarry  which  was  employed  in 
the  Spanish  Bank  building  has  a  pleasing  gray  appearance,  and  through- 
out the  provinces  occasional  structures  are  found  in  which  local  stone 
has  been  employed.  The  granite  which  is  seen  in  sidewalks,  pavements 
of  patios,  and  in  the  sbiirways  of  the  older  and  better  buildings  of  Manila 
and  some  towns  of  the  provinces  was  imported  from  China. 

Building  stone. — The  water-laid  volcanic  tuff  (commonly  called 
"dhobe'^  stone  throughout  the  provinces,  and  in  Manila  known  under  the 
trade  name  of  Guadalupe  stone  or  IMeycauayan)  is  the  principal  stone 
which  is  employed  in  building.  It  has  a  low  resistance  to  compression 
and  the  walls  of  the  large  public  buildings,  such  as  churches  and  co7i- 
ventos,  which  were  constructed  of  it  during  the  Spanish  regime  are  very 
thick  and  have  heavy  buttresses. 


^  The  estimates  do  not  include  cost  of  transportation  but  are  based  on  the  "spot" 
value  of  the  products. 
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At  present  it  is  used  for  tilling  in  the  framework  of  the  lower  stories  of  houses 
and  for  building  outbuildings  and  stone  walls  of  inclosures.  It  is  so  soft  when 
first  quarried  that  it  can  easily  be  cut  with  an  ax  or  bolo,  but  it  hardeiis  slightly 
on  exposure.  The  ease  with  which  it  may  be  worked  is  its  chief  advantage,  and 
the  cost  of  it  where  water  transportation  is  available  is  low. 

Some  coralline  limestone  and  coral  from  coral  reefs  has  been  used  in  former 
years  in  the  seacoast  towns.  It  likewise  is  a  soft  stone  that  can  be  dressed 
without  much  labor,  but  it  is  no  longer  employed  to  any  great  extent. 

Marble. — Sain])k'S  of  tho  marble  wliioli  is  found  at  i^)inblon  on  lioni- 
hlon  Island  have  been  obtained  by  the  divi.sion  of  mines  and  polislied. 

This  stone  is  suitable  for  ornament^il  and  structural  purposes,  and  certain 
\arieties  have  a  very  pleasing  appearance*.  It  has  biH'n  employed  to  a  small  extent 
during  the  last  year  in  the  making  of  artificial  stone,  and  in  former  years  some 
attempts  have  been  made  to  use  it  in  the  place  of  imported  marble,  which  comes 
principally  from  Italy.  In  the  San  Sebastian  Church  in  Manila  there  are  six 
fonts  made  from  it,  which  show  its  adaptability.  It  is  probable  that  it  would 
come  more  into  use  if  proper  nuichinery  should  be  installed  for  cutting  and  polish- 
ing. It  could  be  employed  in  connection  with  concrete  construction  for  plinths, 
wainscotings,  etc.,  and  it  would  be  appropriate  antl  desirable  to  use  this  native 
marble  in  the  public  buildings. 

Paving  stone. — 'J1io  granite  bloek  i)avin<^  of  certain  streets  in  Manila 
which  are  subjected  to  heavy  trallic  an<l  the  granite  sidewalks  which  are 
common  in  the  city  were  constructed  during  the  Spanish  regime  from 
granite  imported  from  Hongkong. 

In  some  cases  the  granite  sidewalks  have  been  taken  up  and  replaced  with 
cement  ones,  the  slabs  obtained  frc»in  the  side\\alk  being  re^'mplnyed  for  cross 
walks  and  other  purposes.  At  the  present  time  a  granite  which  could  be  uneil 
for  paving  blocks  is  not  known  to  occur  in  the  Islands.  Such  sln*ets  of  Manila 
as  are  jKived  witli  stone  obtained  h)cally  sliow  greater  wear  than  those  paved 
with  granite.  The  andesite  blocks  which  wer<'  cut  near  the  present  Sisiman 
quarry  njay  be  seen  in  the  pavement  ar<»und  McKinley  S(juar(^  in  the  Walled 
City.  Although  they  wear  raj)idly,  tlu'V  (h'vehip  an  even  surfaci'  which  prodiice'S 
less  jolting  of  the  vehicles  ])assing  over  it  than  <lo  the  granite  blocks  after  they 
have  been  nuich  worn.  Some  paving  blocks  cut  near  Angono  were  also  uscil  in 
Afanila.  They  are  cliaracterized  by  a  greenish  tinge  and  an  exam])le  nf  a 
pavement  made  with  them  may  be  seen  in  front  of  the  Oriente  Building.  Basaltic 
paving  blocks  cut  on  Talim  Island  and  near  Binangonan  may  also  be  found  in 
the  streets.  During  the  present  year  no  paving  bkn-ks  hav<'  been  purchased  by  the 
city.  Some  inquiry  has  be<*n  made  for  stone  to  be  used  in  paving  the  car  lines. 
The  rock  near  Angono  appears  to  be  better  suited  for  this  purpose  than  any 
other  material  available  near  Manila.  The  present  practice;  of  the  city  is  to  lay 
wooden-block  pavements  on  the  more  important  streets.  Some  experiments  have 
been  carried  on  with  cement  blocks  which  show  that  concrete,  with  a  good  cement 
mortar  surface  in  either  blocks  or  slabs,  especially  when  it  is  given  a  coat  of  tar 
or  asphalt,  is  suitable  for  paving  streets  which  are  subjecU?d  to  light  traffic  and 
where  the  abrasion  by  the  wheels  of  vehicles  is  not  directed  to  definite  places  by 
the  presence  of  street-car  rails. 
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Crushed  and  broken  stone. — The  principal  use  of  crushed  stone  has 
been  for  maca(lamizi»g  roads  in  the  provinces  and  streets  of  Manila. 

The  city  of  Manila  has  a  well  administered  quarry  and  crushing  plant  on 
Talim  Island.  During  the  calendar  year,  59,188  cubic  meters  of  stone  were 
produced  at  a  cost  of  1*=1.17  per  cubic  meter,  not  including  transportation. 

The  Bureau  of  Public  Works  operated  16  stone  crushers  during  the  year. 
They  were  used  at  various  quarries  throughout  the  provinces  and  produced  about 
75,000  cubic  meters  of  crushed  stone  at  a  cost  of  approximately  f*=2.50  per  cubic 
meter,  including  quarrying  and  crushing,  but  not  transportation.  This  material 
was  used  in  road  and  bridge  construction. 

At  Iloilo  2,000  cubic  meters  of  broken  stone  were  used  in  the  construction  of 
improvements  of  the  port  by  the  Bureau  of  Navigation. 

The  United  States  Army  engineers  have  operated  a  quarry  on  the  mainland 
south  of  Carabao  Island  and  a  quarry  has  been  opened  on  Corregidor  by  the 
quartermaster's  department.  At  Olongapo  a  small  amount  of  crushed  stone  has 
been  produced  from  a  quarry  on  the  naval  reservation. 

Considerable  stone  broken  by  hand  has  been  employed  by  municipalities  and 
in  provincial  work,  both  for  concrete  construction  and  surfacing  roads. 

The  Bureau  of  Public  Works  has  sent  to  the  Bureau  of  Science  samples  from 
18  quarries  to  be  submitted  to  the  abrasion  tost  in  order  to  determine  the  suita- 
bility of  the  rock  for  surfacing  roads.  The  division  of  mines,  of  the  Bureau  of 
Science,  now  has  a  complete  e(iuipment  of  standard  machines  for  testing  road 
material,  and  during  the  coming  year  it  is  proposed  to  test  the  stone  received 
from  the  various  quarries  by  all  the  standard  methods.  Some  samples  of  stone 
have  been  submitted  to  compression  tests  and  in  the  cement  laboratory  a  number 
of  aggregates  of  stone,  gravel,  and  sand  have  been  made  into  concrete  blocks  and 
broken  to  determine  their  suitability  for  concrete  construction. 

Rough  stone. — In  building  the  breakwater  along  the  bay  front  in 
Ermita  at  ]\[anila,  *13,09r)  metric  tons  of  stone  and  rubble  from  the 
Sisiman  quarry  were  used. 

Perhaps  the  next  most  important  amount  of  rough  stone  produced  during 
the  year  was  secured  by  tlie  city  on  the  bank  of  the  Pasig  near  Fort  McKinley, 
where  a  quarry  was  oponcil  in  tlu^  water-laid  tutV,  the  so-called  'Mliobe"  stone, 
for  obtaining  material  to  be  used  in  bringing  tlie  streets  of  Manila  up  to  grade 
and  to  furnish  at  the  same  time  a  firm  foiuidation  for  roadways.  From  GOO  to 
700  cubic  meters  have  been  produced  each  month  during  the  last  six  months  for 
use  by  the  city,  and  2,1  GO  cubic  meters  of  this  stone  were  employed  by  the 
Bureau  of  Navigation  in  making  a  riprap  on  the  Mariquina  River  near  Pasig. 

The  cost  of  production  is  estimated  at  90  centavos  per  cubic  meter,  and  as  the 
quarry  is  near  ^lanila  this  permits  of  a  very  considerable  saving  to  the  city, 
since  the  transportation  cost  to  the  banks  of  the  estuaries  is  low  and  the  stone 
is  more  easily  secured  than  at  the  city  quarry  on  Talim  Island  and  it  can  be 
handled  more  easily  than  gravel,  sand,  or  earth,  which  miglit  be  substituted  as 
a  filling. 

At  Iloilo  1,320  cubic  meters  of  stone  were  used  as  riprap  in  the  improvement 
of  the  port. 

Important  amounts  of  rough  stone  have  been  used  throughout  the 
provinces,  but  there  are  no  established  quarries  reported,  with  the 
exception  of  Sisiman  quarry  at  the  entrance  to  Manila  Bay  and  a  small 
one  opened  by  the  Manila  Railway  Company  near  Sucat  on  the  line  to 


Batangas.     The   stone  obtained  at  the   latter   place  is   water-laid  tuff 
and  has  been  used  in  making  fills  and  embankments. 

Gravel — Gravel  has  been  used  as  ballast  by  the  Manila  and  Dagupan 
lliiihvay  Company  and  the  Philippine  Railway  Company,  as  surfacing 
for  provincial  roads,  and  for  concrete  constniction. 

In  the  Pasig  and  Mariquina  Kivors  a  ilcposit  of  gravel  exists  which  has  been 
obtained  by  dredging  to  supply  the  demand  for  concrete  conatruction  in  Manila. 
One  small  steam  dredge  has  bci^i  oi)erating  almost  continuously  throughout  the 
year  and  some  gravel  has  been  taken  out  by  native  workmen  who  obtained  it 
from  the  sliallow  bars  by  diving  and  dipping  it  up  in  baskets  or  loading  it 
into  bancas  direct  during  low  stages  of  the  water. 

The  Bureau  of  Public  Works  used  about  325,000  cubic  meters  of  gravel  at 
an  average  cost  of  50  centavos  per  cubic  meter,  stripped  and  screened.  This 
material  was  obtained  locally  for  the  construction  of  bridges  and  surfacing  of 
roads  and  in  some  cases  disadvantageously,  because  of  the  scarcity  of  projwr 
material  near  the  locality  where  work  was  in  progress.  The  amount  of  gravel 
and  cruslied  stone  used  each  year  is  greatly  increasing.  Besides  the  construction 
of  public  buildings,  bridges,  and  other  public  works  requiring  these  materials, 
gravel  and  crushed  stone  have  been  emjjloyed  in  building  200  kilometers  and 
maintaining  580  kilometers  of  first -class  and  about  1,000  kilometers  of  second- 
class  roads  and  trails.  During  the  year,  42  kilometers  of  new  road  were  ballasted 
by  the  Manila  Railway  Company,  7  kilometers  were  reconstructed,  and,  in  addition, 
gravel  was  required  for  tlie  maintenance  of  the  entire  line. 

SancL — Tlic  greatest  j)art  of  tlie  sand  us(h]  in  Manila  has  been  ob- 
tained from  the  ]*asit]^  and  Mariquina  I^ivers  by  dredging. 

The  l)etter  quality  consists  of  washed  gravel  screenings  whicli  are  brought  up 
in  dredging  for  gravel.  Sand  is  also  produced  by  native  enterprises  and  most 
of  it  is  obtained  by  divers  who  bring  it  up  in  baskets  and  loa<l  it  into  lumeas. 
This  sand  contains  a  considerable  proportion  of  dirt  and  is  much  finer  than  the 
waslied  gravel  screenings.  A  small  amount  of  sand  was  obtained  tins  year  from 
near  SaTjgley  Point  near  Cavile.  The  deposit  in  the  Orani  River  has  not  come 
into  coniinercial  use.  It  is  situated  in  the  mouth  of  tlic  river  entering  the 
northwest  part  of  Afanila  Bay  and  can  be  obtained  without  dredging.  The  United 
States  Army  engineers  have  dredged  a  large  amount  of  sand  from  the  beaches 
and  shalhnv  waters  near  the  entrance  to  Manila  Bay.  This  consists  largely  of 
comminuted  shells.  'J'liroughout  the  ])rovinces  sand  is  obtained  locally  from  the 
rivers  and  beaches,  tlie  cost  being  simply  that  of  the  work  required  in  excavating 
and  screening.  The  city  of  Manila  uses  from  000  to  700  cubic  meters  per  month 
at  a  cost  of  OS  centavos  per  cubic  meter  delivered  on  the  lianks  of  the  esteros. 
It  is  ditficult  to  obtain  an  estimate  of  the  actual  cost  of  production,  but  it  should 
fall  far  below  this  price. 

Liine. — This  lias  been  fully  discussed  in  past  reports.  There  is  little 
new  to  add  at  this  time. 

CLAY   PRODUCTS. 

Brick. — The  brick  produced  in  the  Islands  is  for  the  most  part  soft 
and  handmade,  but  there  is  some  machinery  for  molding  and  repressing 
brick  at  the  kilns  near  Manila.  The  introduction  of  concrete  construc- 
tion has  very  largely  displaced  the  use  of  brick  in  the  walls  of  houses, 


48 

but  the  demands  for  brick  of  good  quality  is  steady  and  the  vitrified 
article  at  a  reasonable  cost  would  find  a  ready  market  as  a  paving 
material  for  streets  having  liglit  traffic.  Throughout  the  provinces  brick 
is  made  locally  whenever  it  is  needed. 

A  brick  kiln  has  been  operated  in  the  mountain  province  of  Bontoc  by  the 
Igorots  and  the  products  have  been  used  in  the  construction  of  provincial 
buildings.  This  enterprise  is  mentioned  because  it  is  a  new  industry  for  the 
mountain  people  and  promises  to  be  important  at  some  localities  where  lumber 
is  difficult  to  obtain.  In  a  few  cases  sun-dried  bricks  are  employed  in  order  to 
avoid  the  expense  of  burning,  but  these  are  not  suited  to  the  climate  of  the 
Philippines.  It  is  reported  that  the  husks  of  rice  are  sometimes  mixed  with 
the  clay  in  making  them.  Occasionally  bricks  are  burned  under  piles  of  bamboo 
and  straw,  but  usually  a  kiln  is  built.  Outside  of  the  down-draft  kilns  near 
Manila,  there  are  none  which  are  capable  of  producing  a  high  temperature  and 
the  brick  burned  in  these  down-draft  kilns  is  seldom  of  a  good  quality  because  of 
the  economy  practiced  in  the  use  of  fuel.  There  are  numerous  places  in  the 
Islands  where  shale  beds  occur  near  coal  deposits  and  it  is  probable  that  good 
vitrified  brick  could  be  made  from  the  shale  and  burned  cheaply  with  the  slack 
coal  obtained  from  the  mines.  Some  of  the  alluvial  clay  found  along  the  rivers 
would  probably  vitrify,  and  if  salt  were  used,  a  much  harder  product  could  be  made 
than  is  now  turned  out. 

'filing . — The  ordinary  red  clay  roofing  tiles,  wliich  are  seen  on 
the  better  class  of  buildings  constructed  during  Spanish  times,  Jirc  no 
longer  manufactured  in  large  quantities. 

Cement  roofing  tiles  reinforced  with  wires  and  having  proper  cleats  and  gutters 
to  prevent  the  entrace  of  the  rain  and  so  made  that  they  can  be  tied  in  place 
with  wire,  are  manufactured  in  Manila  and  in  a  few  of  the  provincial  towns. 
Contractors  having  in  charge  the  construction  of  large  buildings  have  begun  the 
making  of  the  cement  tiles  for  thenisolves. 

Paving  tiles  of  burned  clay  are  likewise  no  longer  in  demand,  but  are  being 
displaced  by  cement  tiles  which  are  much  more  satisfactory  and  can  be  made  in 
artistic  designs  and  with  varied  coloring. 

The  building  of  the  sewers  in  Manila  and  in  some  of  the  provincial 
capitals  has  created  a  demand  for  vitrified  sewer  pipe  during  the  last 
few  years. 

The  mains  in  ^Manila  are  completed  and  now  small  sewer  pipe  for  connections 
is  being  imported  regularly.  The  manufacture  of  sewer  pipe  could  certainly  be 
established  in  the  Islands,  and  it  is  an  industry  which  promises  to  be  a  successful 
undertaking  if  carried  on  in  connection  with  the  making  of  a  good  quality  of 
brick  and  of  drain  tile.  Porous  drain  tiles  for  subsnrface  drainage  are  not  being 
used,  although  there  is  a  demand  for  them. 

This  is  a  product  which  could  readily  be  made  in  any  of  the  Manila  brick- 
yards if  machinery  were  installed,  and  it  is  improbable  that  the  industry  once 
started  would  suffer  competition  from  imported  tiles,  since  the  percentage  of 
breakage  in  loading  and  unloading  from  the  steamers  is  very  large.  To  meet  the 
urgent  demand  for  drain  tiling,  it  is  proposed  to  make  some  by  hand  molding. 
This  process  will  no  doubt  soon  be  superseded  by  machinery.  Cement  pipe  and 
conduit  is  largely  employed  and  is  made  locally  as  demanded,  or  is  purchased 
from  the  established  factories. 
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Pottery. — A  very  considerable  advance  in  the  manufacture  of  pottery 
has  been  made  during  the  last  year. 

A  kiln  operated  by  a  Japanese  at  San  Pedro  Tunaaan,  a  short  distance  south- 
east of  Manila,  has  turned  out  very  creditable  glazed  work,  using  common  red 
clay  as  bodies,  and  some  white  clay  has  been  employed  in  making  special  pieces. 
The  Bureau  of  Education  has  begun  a  pottery  school  at  Santa  Cruz,  in  Laguna 
Province,  and  is  contemplating  the  establishment  of  another  in  Manila.  The 
products  of  these  kilns  will  find  a  ready  sale,  since  the  ware  is  much  more  attrac- 
tive in  appearance  than  that  produced  by  the  Chinese,  who  make  some  glazed  prod- 
ucts near  Manila,  or  the  native  ware  which  is  without  glaze. 

Common  red  pottery,  which  is  the  principal  class  used  in  the  prov- 
inces, is  usually  manufactured  as  a  household  industry. 

The  work  of  making  the  pots  is  generally  performed  by  women ;  the  obtaining 
of  the  clay  and  the  marketing  of  the  product  is  done  by  the  men.  No  pottery 
wheels  are  used,  but  iiisteail  a  small  cn*cular  piece  of  wood  is  employed  as  a  base 
on  which  the  pot  is  molded  and  can  l>e  turned  by  hand.  There  are  a  numl)er  of 
factories  on  the  Pasig  Hiver  n«»ar  Manila  wiiere  wheels  are  employed,  and  at 
these  places  the  large  jars  for  hohling  water  and  the  native  alcoholic  liquors  are 
made.  In  certain  of  tlic  less  important  sugar-producing  districts,  conical  recep- 
tacles called  ]til<>7U's  are  used  in  which  tlie  crude  sugar  crystallizes  in  the  form 
of  sugar  hats.  There  is  a  hole  in  tlic  bottom  of  the  pilonrs  which  allows  the 
molasses  to  drain  ofT  into  an  earthen  receptacle  which  forms  the  support.  The  use 
of  piloucs,  liow«'ver,  is  diminishing,  since  the  practice  of  granulating  the  sugar  by 
stirring  it  and  then  sending  it  to  market  in  bags  made  from  the  leaves  of  the 
buri  palm  is  gradually  increasing. 

The  introduction  of  small  pottery  kilns  throughout  the  Islands  and 
the  use  of  wheels  would  enable  the  natives  to  produce  a  better  ware, 
especially  if  they  were  instructed  how  to  wash  the  clay  and  burn  it  at 
a  high  teniperatui'c  and  to  produce  a  salt  glaze  on  the  surface  which 
would  render  the  pottery  impervious.  The  practice  is  to  pile  the  air- 
dried  pottery  on  tlie  ground  and  burn  it  under  a  cover  of  straw  and 
bamboo  or  other  easily  obtainaljle  fuel. 

It  is  manifestly  difFicult  to  obtain  statistics  concerning  the  manufac- 
ture of  the  native  ware,  since  in  many  cases  it  is  made  for  immediate 
domestic  use.  Certain  towns  favorably  situated  for  water  transportation 
and  having  clay  adapted  to  pottery  making,  supply  the  ware  to  the 
principal  markets,  but  the  amount  manufactured  by  the  families  which 
devote  their  attention  to  this  industry  varies  so  that  only  an  approximate 
statement  of  the  production  can  be  obtained. 

Clay. — The  white  clays  found  at  many  places  throughout  the  Islands 
are  employed  to  a  considerable  extent  in  the  manufacture  of  a  cold 
water  paint.  The  native  name  for  the  clay  is  ''yeso/'  which  is  the 
Spanish  word  for  gypsum,  and  is  a  misnomer,  since  the  white  clays 
usually  closely  approach  kaolin  in  composition. 
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In  many  of  the  markets  the  clay  can  be  purchased  in  the  form  of  balls  or 
cylinders,  but  those  who  know  of  near-by  deposits  usually  obtain  the  material  for 
themselves  at  no  cost.  The  total  production  of  clay  used  for  making  the  native 
paint  probably  reaches  several  hundred  tons  per  annum.  The  only  locality  where 
clay  is  mined  with  any  degree  of  regularity  is  near  Los  Bailos,  in  I^guna  Province. 
A  considerable  amount  of  this  product  is  supplied  to  the  various  pottery  kilns 
near  Manila,  which  use  it  either  in  making  the  bodies  of  ware  or  in  giving  a 
white  coat  on  the  outside  of  the  red  bodies  of  water  bottles  and  similar  articles. 
The  school  at  Santa  Cruz  has  found  the  deposit  of  clay  at  Matiquio  on  the  east 
side  of  Jalajala  Peninsula  to  be  of  exceptionally  good  quality,  and  will  probably 
use  it  in  the  making  of  the  better  class  of  ware.  Small  amounts  of  clay  having 
a  bluish  or  reddish  color  are  used  for  painting  and  some  white  clay  is  employed 
for  making  a  variety  of  putty. 

CEMENT. 

1 
Tlie   impoi-tations   of    cement    are   gradually    increasing,    reaching   a 

reported  value,  last  year,  of  1*=1,3<S4,^2.  A  large  nniount  was  entered 
duty  free  for  use  by  the  Insular  Government  and  Army  engineers  and 
the  railroads.  This  year  the  value  of  the  cement  imported,  according 
to  the  prevailing  market  value  in  Manila,  was  t*"!, 554, (574.  It  is  pro!)- 
able  that  there  will  be  an  increase  next  yeai*.  The  Filipino  people  are 
learning  the  value  of  good  cement  as  a  material  for  construction,  and 
this  will  tend  to  stimulate  its  use  in  the  future.  The  nuiterial  and 
fuel  for  the  manufacture  of  cement  are  found  in  the  Islands,  and  at  tlie 
present  time  there  is  more  or  less  work  being  (h)ne  by  ])rivate  enterprise 
with  a  hope  of  finding  them  all  available  at  a  locality  which  has  favor- 
able transportation  facilities.  There  sccmus  to  be  no  good  reason  why 
the  construction  of  a  cement  ])lant  should  be  delayed  longer. 

SALT. 

This  year  the  })roduction  of  salt  is  reported  for  the  first  time. 

Statistics  in  regard  to  it  are  inconipleto,  the  manufacture  of  salt  being  carried 
on  locally.  Witli  tlie  exception  of  a  few  places  which  are  favorably  situated  near 
a  proper  market,  the  product  is  largely  a  result  of  individual  entorj)riso  and 
frequently  tlie  amount  produced  is  only  sufiicicnt  to  meet  the  demands  of  those 
who  engage  in  tlie  manufacture. 

The  methods  used  in  salt  manufacture  are  primitive.  Generally  sea  or  salt 
water  from  marshes  is  evaporated.  Salt  springs  near  Bambang,  in  Nuova  Vizcaya, 
have  been  used  since  very  early  times  as  a  source  of  salt  by  the  native  inhabitants. 
Practically  all  the  water  from  these  springs  is  evaporated.  Solar  evaporation  is 
the  method  commonly  employed  by  the  Filipinos,  but  brine  is  also  concentrated 
by  heating  it  in  iron  or  earthenware  vessels.  Sometimes  wood  is  soaked  in  sea 
water  and  burned;  the  ashes  are  leached  with  more  sea  water  and  the  water  is 
finally  evaporated.  Beach  sand  containing  salt  is  also  leached.  Usually  some 
method  of  filtering  is  employed.  Brine,  after  it  is  partially  evaporated  by  the 
sun,  may  be  passed  through  wood  ashes,  rice  husks,  or  sand  and  gravel,  and 
allowed  to  flow  onto  a  lime  mortar  floor,  where  it  is  completely  evaporated.  In 
a  few  localities  bamboo  or  bark  troughs  are  used  as  containers  of  brine,  and  the 
water  is  allowed  to  evaporate  in  the  sun.     A  mountain  in  Rizal  Province  called 
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Asin  Bato  contains  a  shale  impregnated  with  salt.  Tlie  Negritos  collect  the 
efflorescence  and  use  it.  Besides  the  salt  added  to  food,  a  considerable  quantity  is 
used  in  drying  fish.  The  amount  produced  in  the  Philippines  is  not  sufficient  for 
the  inhabitants,  as  is  shown  by  the  fact  that  1^116,698  worth  of  salt  was  imported 
during  the  year.  The  development  of  the  industry  would  result  in  a  saving  to  the 
Islands  and  it  is  probable  that  the  establishment  of  a  small  salt-refining  plant 
would  be  a  source  of  profit,  since  the  native  product  is  coarse  and  not  well 
suited  for  table  use.  In  fact,  the  common  method  of  using  the  native  salt  is  to 
dissolve  it  in  water  and  then  pour  the  salt  water  on  the  food.  The  amount  of 
foreign  matter  contained  in  the  native  product  is  usually  suflicient  to  give  it  a 
discoloration. 

OIL   AND  (JAS. 

'J'he  various  occurronces  of  oil  in  tlio  Philippines  have  been  frequently 
reported.  With  the  exception  of  two  wells  which  were  drilled  several 
years  ago  in  Cebu  and  did  not  encounter  oil  in  paying  quantities,  no 
deep  drilling  has  been  carried  on.  During  the  last  year  the  Tayahas 
oil  fields  have  been  brought  to  the  attention  of  the  public. 

A  large  number  of  claims  have  been  staked  and  one  company,  the  Bahay  Oil 
Company,  has  begun  prospecting  with  a  standard  rig  and  a  complete  set  of  tools. 
The  results  of  their  drilling  will  bo  watched  with  great  interest  and  there  in 
reason  to  think  that  they  will  be  successful,  since  the  oil  showings  are  good 
and  a  shallow  pro8})ect  hole  encountered  a  fair  quantity  of  oil  of  superior  grade. 
Other  companies  expect  to  prospect  their  holdings  during  the  yejir  and  if  the 
Bahay  Company  is  successful  there  will  be  no  dilliculty  in  obtaining  sufTlcient 
capital  to  thoroughly  test  the  district. 

Indications  of  gas  appear  with  the  oil  showings.  It  may  be  that  this  resource 
will  be  developed  incidentally  to  the  j)rosi)ecting  for  oil,  and  if  it  is  found  in 
a  commercial  quantity  gas  can  readily  be  employed  in  some  of  the  manufacturing 
industries,  such  as  the  burning  of  briek  and  tile  or  the  making  of  cement,  since 
the  materials  for  these  products  are  abundant  in  the  oil   field.* 

ARTESIAN    AND   DEEP-WATER    WELLS. 

The  Bureau  of  Public  Works  has  been  very  successful  in  the  drilling 
of  deep  wells  which  furnish  a  supply  of  pure  water  to  municipalities 
that  fonnerly  had  only  shallow  dug  wells  or  river  water  available  for 
drinking  purposes. 

At  the  beginning  of  the  j'car  1909  there  were  49  wells  completed,  35  of  which 
were  drilled  with  steam  and  14  by  means  of  jet  rigs.  During  the  year  1909, 
20  additional  wells  were  sunk  with  steam  and  75  with  jet  rigs,  the  present  total 
being  144.  Jet  rigs  have  also  been  used  under  provincial  management.  At  the 
beginning  of  1909  there  were  8  wells  completed  by  the  provinces  and  at  the 
close  of  the  year  the  total  had  reached  133.  Most  of  these  are  situated  in 
Pampanga  and  Bulacan  Provinces.  There  are  a  few  in  Bohol,  Occidental  Negros, 
and  Laguna.  The  United  States  Army  has  drilled  10  wells  up  to  the  present 
time,  and  the  Manila  Railway  Company  has  completed  4.  There  are  now  10  steam 
rigs  being  used  in  the  Islands  and  the  Bureau  of  Public  Works  has  just  received 


*  For  the  composition  of  the  oil  see  Richmond,  Phil.  Journ.  Sci.y  Sec.  A   (1910), 
5,  1. 
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3  more.  The  number  of  jet  rigs  concerning  which  records  could  be  found  is 
31.  No  doubt  there  are  more,  since  the  construction  of  these  machines  is  not 
difficult  and  they  are  being  made  in  the  provinces  according  to  the  patterns 
introduced  by  the  Bureau  of  Public  Works. 

The  importance  of  the  water  supply  from  the  tubular  wells  in  increas- 
ing the  health  of  the  localities  where  they  have  been  introduced  is  well 
known,  and  the  amount  of  sickness  is  reported  to  have  decreased  25  to 
50  per  cent  in  certain  localities  where  the  pure  water  supply  is  used 
exclusively.  The  demand  for  tubular  wells  is  constantly  growing,  and 
it  is  no  longer  so  difficult  to  obtain  appropriations  from  municipalities 
for  the  expense  of  drilling.  Some  disappointment  has  been  experienced 
in  certain  municipalities  where  non'flowing  wells  were  drilled,  but  the 
value  of  a  pure  supply  has  appealed  to  the  people  and  pumping  plants 
are  being  installed  for  the  wells  which  are  not  artesian  and  in  the  course 
of  time  tanks  and  distributing  systems  will  probably  be  added. 

Water  is  a  mineral  resource,  although  not  commonly  regarded  as  such. 
The  value  of  it  can  not  be  computed  in  dollars  and  cents  excepting  in 
cases  where  water  is  sold.  It  is  doubtful  if  there  is  any  other  mineral 
resource  in  the  Islands  which  has  been  so  successfully  developed  and 
which  is  of  greater  value  to  the  public. 


MISCELLANEOUS  NONMETALLIC  MINERAL  PRODUCTS, 

PART  II. 


Bv  Warren  D.  Smith. 


Asbestos. — No  new  occurrencos  of  asbestos  have  been  rej>orted  and  there  has 
been  no  further  development  of  the  pro8{>ect  in  1  locos  Norte.. 

(ilass  sand. — A  good  ghiss  sand  was  recently  discovered  during  the  prospect- 
ing of  phicer  ground  in  the  Paracale  mining  district  of  Anibos  Canmrincs.  The 
boring  macliine  penetrated  a  bed  of  quartz  sand  12  feet  thick.  The  grains  were 
very  clear  and  rounded  and  the  deposit  was  quite  friM?  from  otlier  mineral 
fiagments. 

Graphite. — Graphite  clay  occurs  in  Ambos  Camarines. 

J/ica  and  talc. — Both  of  these  minerals  are  found  in  fair  quantities  near 
Pasuquin,  Ilocos  Norte.  No  large  sheets  of  mica,  however,  have  been  encountered. 
IMie  promising  areas  where  these  minerals  may  be  looked  for  in  commercial 
quantities  are  those  wherein  granite  has  been  not<»d,  for  instance,  in  Ilocos  Norte, 
Nueva  Vizcaya,  and  Ambos  Camarines. 

MtJicral  tvattrs. — A  fairly  comj)lete  list  of  mineral  water  springs  has  been 
publislied  in  our  two  last  bulletins.  The  two  most  prominent  ones  are  at  Los 
Bafios,  in  Lagmia  IMovince,  and  Sibul  Springs,  in  Bulacan;  at  the  former 
400,000  liters  were  bottled  in  1909,  at  the  latter  1,000. 

Ahrasivts. — Saiuisione  is  found  in  all  parts  of  the  Islands  and  is  used  by  the 
natives  for  sharpening  their  holes. 

Tripoli  has  been  encountered  on  the  naval  reservation  at  Olongapo,  but  no 
production  is  recorded.  Without  any  further  preparation  it  makes  an  excellent 
polish  for  metals. 

Navaculiic.s.  In  several  parts  of  tl»e  Islands,  notably  Cebu,  an  exceedingly 
fine-grained  rock  nnicli  resend)ling  a  novaculite  is  used  as  a  whetstofu;  and  serves 
very  well.     There  is  likewise  no  production  of  this  stone. 

Ochers.  The  red  oxide  of  iron  in  the  form  of*earth  is  to  be  found  everywhere 
in  the  Philippines.  In  some  places  it  is  fmh  enough  to  be  used  as  a  pigment. 
Excellent  grades  of  hmI  and  yellow  ocher  occur  in  Ilocos  Norte  and  these  have 
been  exploited  to  a  limited  extent. 

Gypsum. — No  new  (»cciirr<Miees  of  gypsum  have  been  rej)orted  during  the  past 
year. 

Pyrites. — Pyrites  occurs  abundantly  in  the  igneous  rocks  and  occasionally 
fair-sized  segregations  of  the  mineral  have  been  reported.  As  the  present  demand 
for  sulphuric  acid  is  small  in  the  Philippines,  there  is  probably  little  to  be 
made  out  of  its  exploitation.  The  chief  interest  in  pyrites  here  lies  in  the  fact 
that  mucli  of  the  gold  values  are  found  in  conjunction  with  this  mineral. 

Sulphur. — Sulphur  is  known  to  occur  in  appreciable  quantities  on  Mount  Ap^ 
in  Mindanao  and  on  the  Islands  of  Leyte,  Biliran,  Camiguin  de  Mindanao,  and 
Gamiguin,  one  of  the  group  north  of  Luzon.  The  last  named  seems  to  be  one  of 
the  most  promising  localities. 

It  is   quite   possible   that   during  the   course  of  artesian-well    drilling  buried 
deposits  of  sulphur  may  be  encountered.     The  largest  sulphur  deposit  in  the  world 
was  accidentally  discovered  during  the  process  of  drilling  a  well  in  I^uisiana. 
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GEOLOGY  OF  THE  PHILIPPINE  ISLANDS. 


Bv  Waurkn  1).  Smith. 


The  ma})  on  Plate  XII  is  only  very  general  and  is  reprodiu-ed  as  nuieli 
for  the  purpose  of  showing  how  iniieli  remains  to  he  (h)ne,  as  to  indicate 
what  lias  already  heen  accomplished.  Ohviously,  no  com])reh(Misi\c  work- 
on  a  large  scale  can  ])e  attempted  until  we  have  hetter  maps  of  the  ])iihlic 
domain.  Jvxcept  along  the  coast  line  and  in  smaller  areas  like  the  mining 
districts,  wIhm'c  some  triangulat ion  has  Ixm'Ti  accomplished,  we  have  no 
accurate  control  on  which  to  hase  such  woi'k. 

We  now  (piite  thoroughly  understand  the  geology  of  the  vicinity  of 
IManila,  the  Islands  of  i*anay,  Cehu,  Mashate  and  the  three  mining 
distiicts  of  Benguet,  Mashate,  and  And)os  Camarines.  We  have  a  fair 
geneial  knowledge  of  noi'th-cential  Luzon,  Ijcyte,  ^lindanao,  and  the  Sulu 
Archipelago. 

On  this  ma])  we  have  attempted  to  delimit  the  following  formations: 

Alluvial;  tufrn,  sands,  and  agglomerates;  Tertiary  sediinentaries,  extrusive^; 
motaniorphic  roeks  and  the  cordilleran  complex  of  ijj^neou.s  rocks.  We  \m\o.  not 
yet  found  any  rocks  which  are  certainly  older  than  the  lM)i'ene. 

Tahle  1  gives  a.  provisional  tahulation  of  the  sti'atigraphy  of  the  Philip- 
pines and  some  attempt  at  coi'relation.' 
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*  For   fuller   discussion   readers   are   referred    to   a  forthcoming   article   on   the 
Geology  of  the  Philippines,  by  W.  D.   Smith,  to  be  published  in  the   Philippine 
Journal  of  Science  and  in  Regionale  Gcolopie,  Vol.  VI,  edited  by  Doctor  Steinmann, 
in  Bonn,  Germany. 
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The  geologic  history  of  tlie  Philippines  briefly  has  been  as  follows : 

Upon  a  foundation  of  a  complex  of  igneous  rocks,  the  age  of  wliich  we  do  not 
know  conclusively  and  which  marked  the  high  points  along  one  or  more  sub- 
merged ridges  at  the  crumpled  edge  of  the  great  land  horst  of  Asia,  Tertiary* 
sediments  were  laid  down.  These  consist  of  conglomerates,  basal  and  otherwise, 
sandstones,  shales  containing  sub-bituminous  coal  srams;  limestones,  etc.  Al>ove 
these  and  unconformable  are  flows  of  various  classes  of  volcanic  rocks. 

At  the  close  of  the  Miocene  a  general  upheaval  and  folding  occurred  throwing 
the  strata  already  laid  down  into  anticlines  and  synclines.  The  anticlines  are 
generally  marked  by  the  present  islands  and  the  synclines  by  the  straits.  Con- 
sequent upon  this  general  disturbance  there  ensued  a  period  of  ore  deposition. 

After  the  Miocene  disturbance,  which  was  a  part  of  a  great  upheaval  over 
large  areas  of  the  globe,  occurring  particularly  through  southern  Asia  and  Malaya, 
there  was  a  subsidence,  at  least  in  some  parts  of  the  Archipelago,  and  the  Pliocene 
and  Pleistocene  coral  limestones  were  formed.  Later  another  period  of  elevation 
ensued,  as  is  demonstrated  by  raised  beaches,  deltas  and  terraces,  but  certain 
parts  show  very  recent  depression. 

Altiiough  tbe  age  of  tbe  ciTsialline  scliists  is  more  or  less  uncertain, 
it  seems  very  probable  that  for  the  most  pai't  lliey  are  simply  metamor- 
phosed Tertiary  sediments  and  late  volcanics.  Th(M-e  is  absolutely  no 
evidence  at  band  that  tliey  are  Paleozoic.  All  tbe  fossils  so  far  found 
are  Tertiary. 

One  of  the  last  and  most  important  episodes  in  tbe  geological  history 
of  the  Islands  was  the  building  up  of  the  great  tuff  deposit  in  the  Central 
Plain  of  Luzon,  particularly  near  Manila.  'Jliis  is  hundreds  of  square 
miles  in  extent  and  many  feet  thick.  It  has  played  no  little  part  in 
changing  the  configuration  of  the  land^  for  before  its  deposition  this  area 
was  at  one  time  covered  by  the  sea  and  that  portion  of  Luzon  comprised  in 
the  Provinces  of  Bataan  and  Zambales  was  entirely  separated  from  the 
rest  of  the  island. 

The  deposition  in  many  parts  of  the  rich  gold-bearing  sands  and  gravels 
is  a  later  chapter  in  the  history  of  the  Islands  and  one  that  is  far  more 
important  to  us. 


CYANIDING  IN  THE  PHILIPPINES. 


Hv  C.  M.  Eyk,  K.  M. 

{Formerly  i^uprrintvnihtii  of  the  licnijuvt  Consolidated  Mining  Company,  now  of 
the  Colorado  Mining  Company.) 


Thus  far,  tlu^  Jipplication  of  tlii'  cvaiiidi'  |)ro(rss  to  tlie  oros  of  the 
lMiilij)})iiios  lias  hocn  at  two  proporties  at  Antaiuok,  in  the  lii^nguet 
district,  but  from  what  is  known  rcgarilinii^  the  characttM*  of  the  ores  in 
other  ])arts  of  the  Ishinds  and  of  the  district  nuMitioned,  tlie  use  of  this 
method  of  treatment,  prohahly  will  heconii*  much  mor(»  general.  It  is 
witli  a  view  of  assisting  in  tins  wide  apj)]ication  that  the  ])lants  on  the 
])i-operties  mentioned  are  lierein  des('ril)e(l  and  tiu'  general  results  and 
conclusions  deduced  from  their  operations  given  in  considerable  detail. 

Tlic  first  cyanide  plant  erected  in  tlie  Islands  at  the  niinen  of  the  Benguet 
Consolidated  Mining  Company  at  Antaniok,  Benguet  district,  was  ])ut  into  opera- 
tion toward  the  close  of  1900  to  treat  the  tailings  from  tli(»  stamp  mill,  after 
amalgamation.  The  original  installation  consisted  of  four  leaching  tanks  each 
22  feet  in  diameter  by  5  feet  in  depth,  each  with  a  central  bottom  discharge  door 
IC  inches  square;  two  solution  storage  tanks  each  12  feet  in  diameter  by  8  feet 
in  depth;  two  gold  solution  tanks  of  the  sanie  dimensions  as  the  solution  storage 
tanks;  two  sump  tanks  each  14  feet  in  diameter  by  0  feet  in  depth;  one  li-inch 
centrifugal  pump;  one  set  of  forty  individual  bucket  extractors  or  zinc  boxes, 
arranged  in  four  rows  of  ten  in  each  row;  one  Hampton  zinc  lathe;  one  emery 
wheel;  one  small  vacuum  pump  and  one  small  vacuum  filtering  tank,  the  whole 
constituting  a  regulation  leaching  plant  of  the  simplest  type.  The  leachers  were  of 
3-inch  and  the  other  tanks  of  2-inch  Oregon  pine  luiiil)er  with  flat  steel  hoops 
throughout.  The  filters  in  the  leachers  consisted  of  a  grating  of  pine  strips  2 
inches  high,  on  which  was  placed,  in  two  of  the  leachers,  a  layer  of  coco  matting, 
over  which  was  stretched  a  sewed  burlap  filter  cloth.  In  the  two  other  leachers, 
a  layer  of  burlap  was  first  nailed  down  and  then  a  layer  of  raw  coco  fiber  was 
laid,  over  which  was  stretched  the  regulation  burlap  filter  cloth.  For  a  time 
the  raw  coco  fiber  served  as  well  as  the  coco  matting,  but  it  soon  packed  too  hard, 
and  lat«r  was  removed  entirely  and  the  filter  worked  with  but  two  layers  of  burlap, 
the  top  one  consisting  of  the  heaviest  "Calcutta"  bagging  obtainable  in  this 
market. 

Recently  the  leaching  was  improved  by  raising  the  filters  to  about  4  inches 
from  the  bottom,  and  fitting  them  throughout  with  coco  matting,  which  seems 
to  be  the  very  best  filtering  medium  obtainable. 
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The  individual  zinc  boxes  proved  insuflicient  and  troublesome,  and  therefore 
they  were  soon  replaced  by  regular  redwood  extractors  of  two  double  lines  of 
compartments  of  nine  compartments  each,  the  dimensions  of  each  compartment 
being  24  inches  by  30  inches  by  30  inches  deep,  with  bottom  plugs  for  removing 
the  product  at  clean-up.  An  additional  leaching  tank  of  same  dimensions  as  those 
in  use  was  added  in  1908.  Two  more  solution  storage  tanks  each  7  feet  in 
diameter  by  7  feet  deep  were  added  last  year,  and  since  then  one  of  these  has  been 
converted  into  a  mixing  tank  for  lime,  the  solution  being  pumped  through  it  on 
the  way  to  the  leachers. 

The  extreme  acidity  of  the  ore  has  always  required  the  addition  of 
considerable  alkali  to  protect  the  cyanide  from  decomposition.  At  the 
start,  the  common  method  was  tried  of  adding  quicklime  with  the  ore 
as  fed  to  the  batteries,  but  this  was  soon  abandoned,  as  it  took  a  prohib- 
itive amount  of  lime  to  accomplish  the  neutralization  of  all  the  acid, 
and  also  because  a  heavy  deposit  of  calcium  sulphate  (artificial  gypsum) 
formed  on  the  screens,  mortar  lips,  etc.,  and  even  incrusted  the  amalgam 
coating  on  the  table.  I'hen  the  method  of  spreading  a  layer  of  lime  on 
the  top  of  the  leacher  charge  was  tried,  but  an  insufficient  amount  of 
lime  was  dissolved  and  carried  downward  to  keep  the  charge  neutral,  even 
when  it  was  given  a  preliminary  water  wash  with  the  lime  on  top.  Lime 
at  that  time  was  costing  2  cents  gold  per  pound  delivered,  and,  as  caustic 
soda  could  be  delivered  for  5.5  cents  gold  per  pound,  the  use  of  lime  was 
for  the  time  al)andoned,  and  soda  employed  instead. 

The  practice  then  developed  of  draining  ofT  the  water  from  a  charge  when  lilied, 
leveling  off  the  top,  putting  about  60  pounds  of  caustic  soda  in  a  bucket  in  the 
center  of  the  top  and  running  water  through  it  until  the  charge  was  covered, 
then  opening  the  drain  below  and  allowing  this  soda  wash  to  drain  off  to  waste. 
Then  the  drain  was  closed,  a  solution  of  full  working  strength  (35  per  cent  KC'N 
and  2  per  cent  soda)  put  on  from  the  bottom  until  the  charge  was  well  covered, 
the  charge  then  allowed  to  stand  for  a  few  hours,  then  percolation  started  down- 
ward, and  continued  under  full  head  for  from  six  to  seven  days,  then  the  solution 
drawn  down  fairly  close  to  bottom  and  weak  solution  put  on,  this  following  in 
successive  heads  for  several  days,  then  several  successive  heads  of  wash  water  were 
put  on,  and  finally  the  charge  sluiced  out  to  waste. 

The  whole  of  the  treatment  took  about  eighteen  days,  which  is  an 
unusually  long  time,  but  it  seemed  to  be  necessary,  as  only  a  long  contact 
with  a  strong  solution  would  give  a  fair  commercial  extraction.  This 
prolonged  treatment  was  largely  responsible  for  the  rather  high  consump- 
tion of  cyanide,  which  averaged  a  little  over  2  pounds  per  ton  treated. 
The  use  of  soda  was  not  entirely  satisfactory,  for  the  reason  that  unless 
very  great  care  was  taken  to  add  it  so  that  the  degree  of  alkalinity  of  the 
solution  coming  off  was  nearly  constant,  there  would  be  a  formation  of 
hydrates  of  iron  and  alumina,  etc.,  which  would  clog  the  filter,  get  into  the 
zinc  boxes  and  make  trouble  generally.  These  were  only  soluble  in  a 
considerable  excess  of  caustic  soda  in  the  solution.  On  the  other  hand, 
if  the  strength  of  soda  w^ns  very  much  higher  than  the  figure  given,  it 
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led  to  an  excessive  consumption  of  zinc  shavings.  With  the  lowering  of 
the  price  of  lime  to  1.25  cents  gold  per  pound  and  the  introduction  of 
a  mixing  tank  as  noted  elsewhere,  the  use  of  lime  was  resumed  and  of 
caustic  soda  abandoned,  except  to  help  out  the  lime  in  case  a  solution  was 
acid  or  neutral.  »  No  more  trouble  was  experienced  with  hydrates  after 
lime  was  substituted  for  soda.  No  trouble  of  moment  was  ever  encoun- 
t-ercd  in  securing  good  precipitations  in  the  zinc  boxes  when  they  were 
properly  dressed  and  filled,  and  the  hydrates  kept  out,  even  though  there 
was  at  .ill  times  an  appreciable  precipitation  of  copper  on  the  zinc. 

Soon  after  the  beginning  of  operations  it  developed  that  the  slimes,  which 
were  separated  from  the  sands  by  an  upward  current  classifier  and  run  to  waste, 
were  of  sufficient  value  to  pay  to  treat,  so  a  slimes  plant,  consisting  of  two  tanks, 
each  14  feet  in  diameter  by  16  feet  in  depth,  was  added.  Each  of  these  was 
provided  with  an  overflow  launder  around  the  top,  and  with  a  stirring  mechanism 
within,  driven  by  bevel  gear  from  a  shaft  above,  common  to  both  agitators.  The 
stirring  gears  were  designed  by  me  and  made  in  Manila,  ond  consisted  of  a 
Si-inch  vertical  shaft,  to  the  upper  end  of  which  was  keyed  half  a  standard 
coupling,  reversed,  and  to  the  lower  end,  the  other  half  of  a  coupling  in  its  normal 
position.  The  shaft  was  carried  above  by  a  train  of  balls  in  a  groove  in  a  cast 
plate,  the  under  side  of  the  coupling  bearing  on  the  balls.  If  it  were  desired  to 
raise  the  whole  mechanism,  the  supporting  plate  was  raised  by  a  chain  block 
attached  above  to  a  basket  frame  fastened  to  the  Ix^aring  plate.  The  rig  could  thus 
be  raised  or  lowered  while  the  agitator  was  running.  The  shaft  was  kept  in  line 
by  two  vertical  guide  bearings  and  when  l>eing  raised  or  lowered  slipped  through 
the  bevel  gear  by  virtue  of  the  latter  being  connected  to  it  only  by  a  feather 
in  a  long  keyway.  The  agitator  rig  at  the  bottom  consisted  of  four  radial  arms 
of  3-inch  pipe  bolted  and  clamped  to  .a  plate  of  three-fourths  inch  steel,  2  feet 
square,  wliich  was  bolted  up  under  the  half  coupling.  On  each  radial  arm  10 
socket  castings  were  clamped  at  equal  spaces  of  0  inches,  and  in  each  socket  was 
fitted  a  stick  G  feet  long  and  IJ  inches  square,  set  vertically.  The  speed  of 
the  agitator  was  IG  revolutions  per  minute  and  the  agitator  was  all  that  could  be 
desired.  Tiiesc  tanks  had  square  discharge  doors  at  the  side  at  the  bottom,  and 
were  provided  witli  an  entering  launder  tliat  U*rminat-ed  in  a  square  box  reaching 
several  feet  below  the  surface  near  the  center. 

In  practice,  the  stream  of  slimes  from  the  classifier  was  run  into  the  tank,  being 
charged  through  this  box,  the  solid  matter  settling  to  the  bottom  and  the  clear 
water  overflowing  the  side  to  waste.  As  soon  as  the  charge  of  settled  slimes  had 
reached  a  depth  of  about  7i  feet,  the  stream  was  switched  to  the  other  tank, 
and  the  supernatent  water  removed  from  the  settled  charge.  Then  about  600 
pounds  of  slaked  lime  was  added,  agitation  started,  cyanide  solution  pumped  in, 
the  necessary  amount  of  cyanide  added  to  bring  it  up  to  working  strength  (testing 
1  per  cent  KCN)  and  agitation  continued  for  nine  hours.  This  accomplished 
very  thoroughly  the  dissolving  of  the  gold  values.  After  the  agitator  has  been 
stopped  and  raised,  the  slimes  were  allowed  to  settle  to  their  level  in  the  tank, 
the  clear  gold  bearing  solution  being  removed  by  decantation  through  a  hinged 
pipe  in  the  side,  and  conducted  to  the  weak  gold  tank  in  advance  of  the  extractors. 
(The  weak-solution  circuit  for  the  leaching  was  used  for  the  treatment  solution 
for  the  agitation.)  One  complete  settling,  decantation  and  settling  consumed 
eighteen  hours.  Successive  charges  of  weak  solution  were  pumped  on,  agitated 
for  fifteen  minutes  each  time  and  removed  by  decantation,  as  many  such  charges 
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being  used  an  the  time  permitted  before  the  tank  was  needed  for  the  next  charge. 
Usually  6  or  7  such  decantations  were  made.  This  metliod  of  removal  of  the 
values  was  slow  and  incomplete.  However,  owing  to  the  fact  that  at  the  maximum 
degree  of  settling  the  ratio  of  pulp  to  solution  was  stiH  40  to  00,  or  1  part 
of  solid  matter  to  li  of  liquid.  In  order  to  gain  additional  capacity  as  well  as 
more  complete  washing,  an  automatic  filter  plant  consisting  of  Ridgway  one-unit 
filter,  a  double  cylinder  Imperial  compressor,  a  liori/.ontal  wet  displacement  pump, 
and  a  steel-lined  slimes  pump  was  installed  during  the  past  summer.  This  plant 
was  driven  by  a  scparatt-  water  wheel,  and  made  a  very  complete  installation  in 
itself,  but,  unfortunately,  it  was  lost  in  the  flood  that  destroyed  the  greater  part 
of  the  cyani<1e  equipment  in  November  of  the  jnesent  year,  and  l)efore  very  nymy 
data  as  to  its  elhciency  were  obtained.  Tlow(?ver,  it  would  undoubtedly  have 
effected  a  very  material  saving,  as  well  as  liave  increased  the  capacity  of  the 
slimes   plant  several   times   over. 

At  the  beginning  of  operations,  the  crushing  was  rather  coarse,  a  diagonal  slot 
screen  with  width  of  opening  corresponding  to  10  mesh  per  linear  inch  being 
used.  However,  leaching  results  showed  that  this  was  too  coarse  for  good  work, 
and  the  mesh  was  gradually  increased,  first  by  using  IG,  then  20,  then  24,  and 
finally  30  mesh  sizes,  witli  increasingly  good  results.  Investigation  of  the  sands 
before  and  after  leaching  also  showed  that  a  small  amount  of  high-giade  iron 
sulphide  carried  a  fair  percentage  of  the  values,  and  that  this  sulpliide  still 
contained  good  values  after  leacliing,  so  a  VVililey  table  was  installed  over  which 
the  sands  passed  from  the  classifier,  and  from  one-thirtieth  to  one-fiftieth  of  the 
tonnage  was  removed  as  a  high-grade  concentrate  which  was  stored  for  future 
treatment  or  shipping.  A  series  of  experiments  on  this  material  showed  that 
by  fine  grinding  in  cyanide  solution  in  a  tube  mill,  well  over  90  per  cent  of  the 
value  was  dissolved.  In  fact,  all  of  the  work  done  at  this  plant  showed  that 
when  the  ore  is  reduced  to  slime,  the  solution  of  the  gold  content  can  be  accom- 
plished easily,  which  points  to  this  method  of  treatment  as  best  for  the  whole 
tailings  from  the  stamp  mill,  provided  that  every  part  of  the  latter  will  stand 
the  cost  of  the  reduction  to  slimes,  which  would  not  be  large,  in  view  of  the 
splendid  and  cheap  water  power  available.  It  is  to  be  hoped  that  when  the  plant 
is  renewed,  it  will  be  along  these  lines. 

The  plant  of  the  Biia  Mining  Company,  similar  in  many  respects  to 
the  original  leaching  plant  of  the  Benguet  Consolidated  Company,  was 
installed  and  put  into  operation  in  1907  to  treat  the  tailings  from  stamps 
after  amalgamation.  The  principal  point  of  difference  is  that  it  had  six 
leachers  of  50  tons  capacity,  where  the  Consolidated  mill  originally  had 
four  of  60  tons  capacity.  The  character  of  the  ore  treated  in  the  Bua 
mill  is  entirely  different  from  that  of  the  Consolidated,  for,  while  the 
former  is  quartz  and  iron  pyrites,  with  strong  acid  reaction  and  high  values 
in  slimes  after  crushing,  the  latter  is  chiefly  calcite  and  rhodochrosite 
with  more  or  less  black  oxide  of  manganese,  the  w^hole  having  a  distinctly 
alkaliile  reaction,  and  giving  a  slime,  on  crushing,  of  low  value.  The 
treatment  has  therefore  been  simpler,  and  the  results  generally  better  on 
this  ore. 

The  chief  improvement  which  has  been  worked  out  on  the  Bua  treatment 
since  its  inception  has  been  the  practice  of  turning  the  charge  over  by  hand  after 
the  water  has  been  drained  off  and  before  the  solution  has  been  put  on.  This 
is  done  by  beginning  near  one  edge  of  the  tank  and  shoveling  back  a   crescent 
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shaped  section  and  then  with  ojx'ning  to  Ht^irt  witli,  turning  over  the  material 
clear  across  tlie  tank.  With  cheap  labor,  the  cost  is  sliglit,  four  Igorota  at  25 
cents  gold  turning  over  a  50-ton  charge  in  a  day.  It  is  claimed  that  it  increases 
the  extraction  by  several  per  cent,  and  shortens  the  f)erio<l  of  treatment  by  two 
or  three  days. 

Tlio  lUia  ])ro(liict  lias  always  bi'cii  liigh  grado  aiul  clean,  owing  to  the 
absence  of  eopper  in  llie  ore  and  a  solution  fairly  free  from  foreign  salts. 
Wliile  actual  o])erations  on  a.  eiMuniereial  scale  have  been  liniited  to  the 
two  properties  nientioned,  yet  extensive  tests  on  lots  of  ores  from  several 
properties  in  ^lasbate  have  invariably  given  high  extraction  results  by  line 
grinding,  agitation  and  lilt  rat  ion,  but  j)oor  results  from  leaching.  The 
all-sliming  method  would  seem  to  have  a  wider  application  than  leaching 
in  all  the  districts  where  cyaniding  is  applicable  at  all;  in  the  one  cast? 
where  leaching  has  given  good  results,  it  is  an  open  (juestion  whether, 
with  cheap  water  power  available,  Ihie  grinding  would  not  give  returns 
sulliciently  better  to  more  than  ])ay  for  the  dilTerence  in  cost. 

Cyaniding  will  ])rol)ably  not  successfully  be  ap])lied  to  the  ores  of  the 
Taracale  district,  because  these  as  a  rule  contain  considerable  amount  of 
base  minerals,  and  the  gold  is  coarse,  both  of  which  conditions  are  against 
cyaniding.  ][owever,  it  is  probable  that  further  deposits  of  ore  in  which 
the  gold  is  finely  divided  will  be  found  in  the  Islands,  and  if  such 
deposits  are  fiee  from  copper  and  other  d(»leterious  substances,  and  are 
fairly  large,  so  as  to  assure  a  good  tonnage,  they  will  not  need  to  be  high 
grade  in  order  to  be  worked  at  a  profit  by  the  cyanide  proce8»<5  in  its 
present  higlily  developed  state. 


REPORT  ON  THE  AURIFEROUS  DEPOSITS  OF  THE 

SECOND  DISTRICT  OF  THE  DEPARTMENT 

OF  MINDANAO,  MISAMIS/ 

(Excerpt.) 


By  Enrique  Abella  y  Casariego.^ 


SITUATION    AND   LIMITS   OF    THE   AURIFEROUS    ZONES. 

The  auriferous  zone  known  in  Misamis  is  comprised  within  the  territory  which 
surrounds  the  Bay  of  Iligan  on  the  west,  bounded  by  the  Cutman  River  on  the 
east,  and  on  the  south  by  limits  depending  upon  the  distance  one  can  penetrate, 
a  limit  which  at  Iligan  is  the  coast  itself,  in  which  place  nothing  noteworthy 
can  be  studied  with  regard  to  minerals   (fig.  2).     Within  this  space  the  important 
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Fig.  2.     Placer  Deposits  in  Misamis. 


*  Translated  by   Warren   D.   Smith  from   the   Spanish   report  as  published   in 
1877  in  Vol.  VI  of  the  Boletin  de  la  Comision  del  Mapa  Geol6gico  de  Espaiia. 

*  Former  chief  of  the  Cuerpo  de  Ingenieros  de  Minas  under  the  Spanish  Grovern- 
ment  in  the  Philippines. 
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localities  are  along  the  courses  of  the  Bucalalan,  Iponan,  Cagayan,  Bigaan,  and 
Cutman  Rivers,  all  of  which  empty  into  the  sea,  although  with  different  volumes 
of  water,  also  possessing  very  different  gold  values.  't\\e  most  important  of  these 
is  the  Iponan  River. 

GENERAL    FEATURES   OF   THE    WORKINGS    ALONG    THE   IPONAN   RIVKR. 


Compositioti  and  character  of  the  bed  of  the  river. — The  source,  in  fact  the 
greater  part  of  the  course,  of  this  river  is  not  easy  to  visit  because  it  lies  in 
the  territory  occupied  by  the  Moliainmedan  natives  (Moros)  and  can  be  followed 
for  only  7  or  8  leagues  from  its  mouth.  In  these  7  or  8  leagues  with  which  we 
are  acquainted,  the  supply  of  water  and  the  richness  of  the  stream  deposits 
scarcely  diminish,  so  that  wo  can  presume  that  along  the  upper  waters,  even 
well  into  the  interior,  extensive  areas  exist.  The  river  descends  from  the 
southern  limits  of  the  known  tract  engorged  between  marl  and  limestone  hills, 
of  which  I  shall  treat  in  the  second  part,  some  of  which  cause  the  river  to  describe 
sliarp  curves  in  its  course.  BocauHe  of  these  circumstances  the  gradient  of  the 
stream  is  not  cntirol}-  uniform,  there  being  rapids  at  many  points,  followed  by 
quiet  stretches  constituting  ponds  of  greater  or  less  depth.  When  the  stream 
reaches  the  village  of  San  Simon,  its  banks  widen,  become  lower,  and  the  river 
runs  to  tlie  sea  in  an  open  valley  with  a  gentle  gradient.  Its  bed  before  reaching 
this  last  point  is  gravelly  and  sandy,  hence  the  waters  are  quite  transparent, 
though  the  material  on  the  bottom  is  moving.  The  j)ebbles  and  sand  which  it 
contains  at  times  are  of  considerable  volume,  Mineralogically  considered  they 
are  quartz  (petrosilex),  and  especially  fragments  of  trachytic  rocks  of  various 
colors   and   porphyry. 

In  this  gravel  one  finds  flakes  and  dust  of  gold,  more  or  less  fine,  sometimes 
in  flakes  of  considerable  size  not  deposited  uniformly  over  the  bed  of  the  stream, 
but  in  certain  spots,  quite  numerous  to  be  sure,  where  the  conditions  have  been 
favorable  for  the  precipitation  of  heavy  bodies,  as  in  the  sudden  changing  of  the 
course  of  gradient  of  the  stream.  It  is  a  matter  of  observation  also  as  it  is 
natural  to  expect  that  the  particles  of  gold  are  of  smaller  size  and  more  scat- 
tered as  the  mouth  of  the  river  is  approached,  so  that  between  San  Simon  and 
the  sea  not  enough  can  be  recovered  to  pay  for  the  labor  of  the  washing. 

2.    BENCH    PLACERS    (ALLUVIONS). 

Not  all  the  gold  is  won  from  the  sands  of  the  river  bottom,  and  they  have 
recourse  to  them,  as  I  have  already  indicated,  only  in  the  dry  season,  during 
which  the  bench  placers  within  the  limits  of  the  hydro-geologic  basin  of  the 
Iponan  River  can  not  be  worked. 

Situation. — From  the  village  of  San  Simon,  where  the  valley  walls  are  higher 
and  more  confined  by  rounded  hills,  the  river  receives  as  one  goes  upstream  a 
great  number  of  tributaries  which  cross  many  alluvial  and  auriferous  spots  and 
also  unimportant  arroyos.  For  example,  following  the  river  upward,  there  is, 
on  the  left,  the  small  valley  of  Pasayanan,  with  indications  of  scattered  and 
ancient  workings,  then,  on  the  right,  the  richest,  that  of  Batinay,  which  moreover 
is  of  greater  extent;  then  that  of  Dominalog  with  recent  workings  of  a  less 
primitive  character;  and  continuing,  those  of  Babantohon,  Pigsagan,  Dumalogdog, 
and  the  famous  Pigtao,  the  locality  where  the  most  remote  Christian  settlement, 
now  withdrawn  to  Tagsulip,  was  established,  and  finally,  Camingafian,  Cayo- 
mangon,  Saganahai,  Tapbagbag,  and  Taculut,  almost  within  the  territory  of  the 
Moros. 
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Continuity. — The  placers  are  not  all  situated  on  the  same  level  as  the  waters 
of  the  Iponan  River,  but  at  a  certain  altitude  above  them,  not  exceeding  as  a 
rule  20  meters,  and  in  eUn%ted  parts  of  the  lateral  branches,  thoutjh  never  very 
far  from  the  principal  river,  demonstrating  that  the  orif^'in  of  the  placers  bears  a 
definite  relation  to  the  ancient  bed  of  the  stream.  This  bed.  formerly  very 
much  wider  than  the  present  one,  has  suffered  with  time  from  the  effects  of 
partial  denundation  which  has  erodrd  the  once  continuous  cappin*^  of  the  alluvions, 
resulting  in  the  present  discontinuity  and  isolation  of  these  localities. 

Variation  in  size  of  the  particles  of  (/old.  Af^  one  goes  southward  toward  the 
upper  part  of  the  river,  he  finds  as  a  rule  richer  placers,  in  which  the  particles 
of  gold  become  larger  and  can  be  found  in  nuggets  weighing  as  much,  sometimes, 
as  1  or  2  taclas  {tacla=:37.(»8  mg. ).  It  is  thought  for  this  reason  that  the 
placers  situated  within  the  territory  of  tlie  Moros  must  beconu?  much  richer, 
and,  in  fact,  I  had  occasion  to  see  a  ctntain  (plant ity  of  gold  which  had  come 
from  there,  which  in  great  ])art  consisted  of  flakes,  latlier  than  of  grains  and 
dust,  as  much  as  2  millimeters  in  width  and  more  than  o  millimeters  in  thickness. 

(icncral  character  of  the  placers  {alluvions). — Tlie  general  cliaracter  of  tlie 
alluvions  is  cpjite  uniform.  Essentially  argillaceous  througliout,  it  is  in  the 
upper  part  composed  of  a  very  sticky  clay,  reddisli  and  containing  very  small 
roiuided  pt»bbles,  fragments  of  old  slates  of  various  classes,  which  become  more 
numerous  and  larger  as  one  goes  deeper,  the  clay  whicli  envelops  them  being 
usually  whiter,  more  sandy  and  not  so  compact  and  containing  ])ebbles  (cantos) 
of  eruptive  rcK'ks,  others  of  magnetic  iron  or  liematite.  which  the  natives  call 
tonase.  The  abundance  and  size  of  these  pebbles  are  considered  a  sure  indication 
of  the  richness  of  the  placer.  Tlie  gold  is  not  confincnl  exclusively  to  the  portion 
in  which  the  pebbles  are  found,  since  in  the  U)H)erniost  layer  of  the  alluvion  gold 
(lust  lH»gins  to  1h»  encountered  although  (juite  scattered;  but  notwithstanding 
this  dispersion  of  the  gold,  most  of  the  metal,  the  greater  richness,  is  always 
found  near  the  bed  rock.  The  depth  of  one  of  these  ])lacers  never  excec^ds  7  meters 
in  those  places  where  it  has  its  greatest  ar(^a.  nor  does  it  become  less  than  a 
meter  in  the  smaller  areas,  this  dill'erence  being  due  to  the  subse(]U(Mit  denudation 
to  which  I  have  alluded  above.  Jn  those  spots  wliere  this  process  has  had  little 
effect  and  where  the  alluvions  are  quite  intact,  the  natives  distinguish  in  tiieni 
vaiious  horizons  which  really  correspond  to  the  changes  of  composition  and  ap- 
pearance I  have  already  pointed  out,  and  distinction  and  classillcation  of  which 
reveal  a  very  exact  knowledge  of  the  structure  of  ])lacers.  remarkable  in  a  race 
so  primitive  and  backward.     This  classification  irom  above  downward  is  as  follows: 

Paifason.     \'\i\}\  more  or  less  dark^  which  lies  inmiediately  below  the  vegetation. 

Acaro7i.  Red  clay,  very  sticky,  with  small  pebbles,  generally  slaty  and  senii- 
decompos(Ml   {hato  patai/  —  (\ead  rock,  literally). 

/)j/,7("(i/o>/.  -Yellow  clay,  more  sandy,  less  sticky,  with  pebbles  of  quartz  and 
eruptive  rocks,  some  of  gr(\at  size,  others  smaller  of  hematite  or  magnetite 
(tonasi)    with   the  maxinunn  richness  of   gold. 

Dapands. — The  bed  rock  is  marl,  limestone,  or  conglomerate. 

However,  these  divisions  are  not  all  present  in  the  placers,  since  there  are 
spots,  as  I  have  indicated  above,  where  the  eroding  action  of  the  water  has 
removed  some  of  the  upper  layers,  leaving  parts  of  those  below,  and  because  of  its 
richness  the  natives  work  the  ground  with  profit  in  spite  of  the  small  thickness. 

As  for  the  distribution  of  values  in  the  placers  in  the  same  horizon,  that  is  to 
say  within  the  zone  of  richness,  dugcdlon,  it  is  not  uniform  nor  can  it  be,  if  one 
recalls  the  circumstances  attending  its  formation. 

Those  places  in  which  particularly  rich  values  were  encountered  are  called  by 
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tlie  natives,  the  .\liniti\*tes,  as  well  an  the  Visavas.  iopaiiafi,  a  jjoikI  8{Hini8h  word, 
and  this  seems  to  indicate  that  Spaniards,  pn^hahly  coniini;  from  iMexico,  may 
liave  once  worked  these  phicers. 

Mcthitd  rniplotn'l  in  the  dii^trici  far  ihv  nvuvvrtf  of  thv  </«/</. — The  method 
is  in  reality  tlie  same  as  tliat  employetl  by  tlie  natives  tiiroiigliout  the  Islands  for 
\vt)rkin«r  the  placers,  and  thoujrh  tpiite  simple  it  is  very  similar  to  that  tised  even 
to  this  day  in  other  c(»iintries,  and  reveals  a  certain  knowledjie  of  the  rudimentary 
principles  (»f  meclianics  which  seems  to  corrolKirato  the  hy|K>thesi8  of  former 
Spanish    W(Mk. 

To  snminairi/e.  this  proceeding;  has  four  phas«»s  distinct  as  to  order  an«l  ohject. 
(  1)  Jniisfi(/<iti(m  of  the  deposit  hy  means  of  tujtihs,  not  always  mvessary,  as.  for 
example,  when  hy  (dlier  indications  or  l»y  known  siuns  thoy  know  lM>forehand 
that  the  placer  i'^  rich  in  the  j)art  they  e\p<»ct  to  work.  (2)  Prrparatiini  f<ir  the 
work  hy  the  ct»nst  ruct  ion  of  a  canal,  reservoir  and  all  the  other  work.  (:i)  Coa- 
rrnti(i(i(.)i  of  the  nlluvial  ^jidund  or  the  exploitation  proper  of  the  deposit,  hy 
means  of  the  work  in  the  hanhisdn.  (\)  Thr  rlrinnnti  up  ((Icpiirnrinu)  of  the 
<ands  hy  hand  washing:  with  the  ftilitiuan,  linally  ohtainin«r  the  ^«d«l  fn'c.  Each  one 
of  thes««  phases  rej)rese!its  «pnl«'  diireicnt  amounts  of  work:  the  first,  as  I  have 
just  indicated,  i-<  sometimes  dispnisfd  with;  tlu*  secoml  of  all.  \nidouhtedly.  is 
the  most  lahoiiou-<:  th«>  tliird,  it  rjin  al»no-.t  he  said,  works  of  itself,  and  tin* 
fonrtli.  thou^iJi  (piite  tcdimis.  lia^^  to  do  with  small  .imounts  of  material  and 
coimtitutrs  only  a   \c\\    small   fraction  of  the  work. 

DKscHirTioy  or  kach  ok  'nil':  mohk  iMroirrwr  plackhs. 

1.    VAMKV   OK   THi;    IPONAN    iuvi:u. 

77/r  phici  r  of  I'dsa  1^(1  nan.  Ascending  the  river  from  San  Simon  the  lirst  placer 
cncount<Me<l  is  situated  in  the  \alley  of  l*asayAnan.  It  is  snuill  and  of  little 
importance,  (^uite  tiat  at  its  entrance,  the  valley  c<»ntiiiues  to  rise  toward  the 
south,  dividiii}/  into  two  arroyos.  approximately  a  kilometer  and  a  half  from  its 
njouth.  Near  tli<'  fork,  on  the  left,  some  hills  ris."  uj)  to  the  ;;en«'ral  level  (►f  that 
part  of  the  comitry  ami  part  way  uj)  tli(»  sides  of  these,  not  far  above  the  valley 
Moor,  there  are  some  remains  of  placer  W(»rkin<:s  not  very  r<*cent  an<l  imjiortant. 
The  alluvial  material  situate(l  here  is  of  scant  importance,  from  1  to  1.5  met<'rs, 
(juite  arj^illaceous.  with  small  bowlders,  but  noiie  of  hematite  or  nnij^netic  iron, 
which  in  the  other  jdacers  serve  as  indicators  of  rich  values. 

I*l(irrr  of  liafinai/.  Following;  the  river  upward  one  comes  to  the  Valh»y  of 
Matinay  which  is  of  jjrrcater  extension  than  the  former,  but  with  few  renuiins  of 
working's.  Jts  alluvial  matter  is  moreover  arj^illaceous,  but  with  more  pebbles 
and  more  characteristic  ones  than  those  in  the  VasayAnan,  the  placer  bein^ 
situated  in  the  up|M'r  part  of  th(»  bottom  of  the  valley,  before  the  road  between 
Iponan  and  Tajrsulip  is  reached. 

Plncrr  of  Dorninolog.  I'pstream  from  this  is  the  very  imiH>rtant  j)lacer  of 
Dominolojr  or  l*inatajjran,  the  names  beinj;  derived  from  an  arroyo  and  a  creek 
near  by.  A  ^rcat  backward  swin<(  of  the  Iponan  Uiver  forms  a  kind  of  peninsula 
in  which  the  placers  are  located.  At  .a  peat  number  of  i)ointK  on  this  there  are 
little  pits  (pozitos)  or  iujuhs,  some  complet(dy  demolished,  and  a  lar^e  and 
recent  hanlasan,  with  its  reservoir,  canals  and  aqueduct  for  making  a  depression 
in  the  formation.  At  a  certain  distance  from  the  banlasan  a  true  mine  shaft 
quite  different  from  the  tujuhfi  of  the  country  had  just  been  opened.     This  was 
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rectangular  in  section  and  perfectly  timbered  with  planks  and  wooden  pins  of 
sufficient  resistance  to  prevent  the  washing  away  of  the  alluvion  which  is  here 
very  argillaceous.  It  had  a  depth  of  7.5  meters  and  a  sump  (caldera)  0.25  meter 
to  0.30  meter  for  collecting  the  water,  which  was  quite  abundant.  To  the  north- 
east of  this  sump  a  small  gallery  had  been  started  in  the  dugcdlon  or  pay  streak. 
At  the  mouth  of  the  shaft  a  windlass  with  a  hemp  cable,  tanayas^  or  baskets  for 
removing  the  dirt  and  buckets  of  tinned  sheet  iron  for  taking  out  the  water  had 
been  installed.  The  excavated  material  was  run  oflf  by  means  of  a  wooden  flume 
to  a  storage  tank  where  there  was  a  cradle  for  washing. 

This  pit  afforded  me  an  opportunity  to  study  the  alluvion  which  at  this  place 
was  complete  in  all  its  zones.     The  section  was  as  follows: 

1.  0.25  meter  Soil. 

2.  0.50  meter   Payason  or   brown   clay. 

3.  4   meters  Acaron  or  red   sticky   clay. 

4.  2.50  meters  Dugcdlon  or  pay  streak. 

In  the  recent  Danldsan  situated  some  200  meters  to  the  south  of  the  pit,  the 
ground  presented  the  following  section: 

1.  0.20  meter   Soil. 

2.  0.30  meter  Payason  or  brown  clay. 

3.  3  meters  Acaron  or  red  clay. 

4.  3  meters  Dugcdlon  or  pay  streak. 

In  these  3  meters  of  the  dugcdlon  there  were  seen  many  bowlders  as  much 
as  a  half  a  cubic  meter  in  volume,  and  in  the  lower  part  are  innumerable 
rounded  pebbles  of  tonase,  or  magnetite  and  hematite.  The  alluvion,  then,  in 
this  locality  had  all  the  characters  of  richness  by  which  they  distinguish  the 
topadas.  In  the  shaft  the  dugcdlon  had  neither  such  large  bowlders  nor  so  great 
a  quantity  of  oxide  of  iron  and  the  clay  was  white  and  more  sticky.  The  place 
which  has  been  opened  up  should  be  less  rich  than  the  hanldsan,  in  spite  of  the 
fact  that  no  great  distance  separated  them. 

Placer  of  Bantohon  and  Pigsagan. — Continuing  up  the  river,  after  leaving 
Dominolog  we  come  to  the  Valley  of  Bantohon  and  Pigsagan,  the  placers  of 
which  show  nothing  in  particular,  their  general  features  being  very  similar  to 
those  of  the  first.  There  are  numerous  remains  of  tujiihs  and  hatxlasan  which 
have  the  appearance  of  having  produced  a  fair  showing  of  gold  when  they  were 
worked. 

Placer  of  Pigtao. — This  locality,  situated  on  the  site  of  the  once  prosperous 
gold  mining  pueblo  of  Pigtao,  also  forms  a  kind  of  peninsula  between  the  Iponan 
and  Pigtao  Rivers  and  elevated  above  the  former  approximately  20  to  25  meters. 
Almost  the  whole  peninsula  is  made  up  of  auriferous  placer  ground,  which  has 
not  been  exploited  because  of  the  site  of  the  pueblo  and  scattered  arrangement 
of  the  houses.  There  are,  nevertheless,  some  old  hanldsan  near  the  Iponan  River, 
and  others,  more  recent,  on  the  trail  from  the  pueblo  to  the  Pigtao  River.  The 
alluvion  of  this  placer  is  much  redder  than  the  others  and  does  not  possess  the 
same  values.  In  the  trench,  made  for  obtaining  specimens,  of  which  I  shall 
speak  later,  where  the  placer  is  less  eroded,  the  following  section  was  seen: 

1.  0.20   meter   Soil. 

2.  0.30  meter  Payason  or  reddish-brown  clay. 

3.  0.70  meter  Acaron  or  very  red  clay  with  pebbles. 

4.  0.80  meter  Dugcdlon  or  sandy  clay,  rich  in  gold. 

Another  similar  banlasan,  commenced  on  the  trail  from  the  pueblo  to  Pigtao 
River,  was  seen. 

In  another  hanlasan    (situated  halfway  up  the  bank)    on  the  trail  from  the 


churcli  to  Iponan,  and  very  near  the  bed  of  the  same,  the  placer  presented  the 
following   section: 

1.  0.25   meter   Soil. 

2.  0.80  meter  Acanut  or  reil  and  very  sticky  clay. 

3.  0.50  meter  DupaUon  or  pay  streak. 

Ground  from  this  batdasan  was  taken  out  and  washed  with  the  hilingan  hy 
way  of  a  practical  test. 

Placers  of  Dumalofjdog,  Camingauan  aud  others. —  Directly  opiKisite  Pigtao  is 
situated  the  Valley  of  Dumalogdoj;,  with  its  various  workings  along  the  hanks 
of  the  stream  and  in  the  sides  of  the  valley,  and  also  the  rich  localities  of  Camin- 
gauan and  Saganahuy,  names  derived  from  two  small  arroyos. 

By  reason  of  tlie  numerous  remains  which  are  to  he  found  there  it  is  to  be 
supposed  that  the  natives  must  have  found  the  valley  of  Camingauan  very  profit- 
able in  spite  of  the  scanty  toiK)graphic  relief,  there  l)eing  a  litth>  mesa  of  only 
20  meters  elevation  above  the  Iponan  IJiver.  This  probably  made  it  very  difllcult 
to  bring  in  the  water  necessary  for  the  ditTerent  oj)erations.  Tiiese  must  have 
been  abandoned  three  or  four  years  before  my  visit  as  their  completely  ruined  and 
disordered  state  would  indicate,  and  the  characters  which  the  most  recent  workings 
present,  are  found  to  be  almost  obliterated  in  tliis  locality. 

In  the  test  pit  opened  and  cleaned  out  for  procuring  samples,  near  the  l)cd 
of  the  Iponan  River,  at  the  site  of  the  old  workings,  tlie  alluvion  presented  the 
following   section: 

1.  0.30    meter    Soil. 

2.  0.80  meter  Acaron  or   red   elay. 

3.  1.20  meters  Dugcdlon  or  pay  streak. 

Furthermore,  the  visible  characters  of  these  alluvions  are  (piite  similar  to  those 
of  Pigtao,  as  might  have  been  expectwl  from  their  proximity;  this  is  also  true 
of  the  remainder  of  the  Cayamangon.  etc.,  which  one  can  find  all  the  way  to  the 
territory  occupied  by  the  Moros.  In  order  to  avoid  repetitions,  I  shall  not 
describe   them. 

•2.    VALLKY    OF    THK   CAGAYAN    IllVKK. 

Characters  of  the  river. — This  river,  although  one  of  the  most  important  of 
the  district  geographically  speaking,  is  less  so  as  regards  gold,  at  least  in  that 
j)art  where  one  can  follow  it  without  danger  from  the  hostile  tribes  of  the 
interior.  This  part,  however,  does  not  extend  more  than  5  leagues,  notwithstand- 
ing the  fact  that  along  its  course  and  probably  fartlu^r  into  the  interior  the  valley 
is  still  flat  and  cleared,  and  for  that  reason  easy  of  access.  The  fall  of  the  water 
is  quite  considerable,  especially  when  it  approaches  the  capital  of  the  district 
approximately  a  league  from  the  mouth  of  the  river. 

Above  Cagayan  the  river  has  opene<i  out  a  bed  approximately  40  or  50  meters 
below  the  general  plain  which  forms  the  upper  valley  of  the  river.  The  bed  of 
tliis  river  contains  more  clay  and  less  rock  than  that  of  the  Iponan,  and  though 
in  certain  places,  exceptionally  favorable,  one  can  obtain  some  quantity  of  very 
fine  gold  by  washing  the  muddy  gravels  which  make  up  its  bed,  it  is  of  such  small 
importance  that  the  work  would  not  remunerate  the  workers,  and  for  this  reason 
has  received   no  attention. 

Situation  of  the  placer. — The  only  two  placers  which  are  known  to-day  in  the 
valley  of  this  river  are  situated  in  the  neighborhood  of  a  pueblo  of  the  MonteseSf 
called  Munigue,  which  is  situated  some  20  kilometers  to  the  south -southeast  from 
Cagayan.  The  first  of  these  extends  in  a  belt  {faja)  parallel  to  and  near  the 
Bitog  River,  tributary  of  the  Cagayan  River,  and  the  second  situated  between  both 
rivers,  in  the  place  called  Calfls. 
9(]060 6 
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Placer  of  Bitog. — The  placer  of  Bitoj^  is  not  more  than  4  meters  in  thickness 
at  any  of  the  points  at  which  1  have  examined  it.  This,  without  doubt,  is  due  to 
the  erosion  which  it  lias  .sufFered  in  the  past.  Some  of  the  zones  of  which  the 
placer  should  be  composed  are  lacking;  there  being  present  only  a  part  of  tlie 
acaron  in  some  cases,  the  dugcdlon  complete,  but  varying  more  or  less  in  thickness. 
Tn  one  of  the  banlasan  which  exists  there,  the  most  recent  of  all,  situated  very 
close,  to  the  river,  the  test  pit  was  cleaned  out  in  order  to  get  samples,  and  the 
following  section  observed: 

1.  0.30  meter  Soil. 

2.  1  meter  Acaron  or  red  clay. 

3.  2  meters  Duycdlon  or  the  pay  streak. 

The  pebbles  (cantos)  in  this  placer  are  less  rounded  than  usual,  but  very  much 
decomposed.  Tliose  of  quartz  and  porphyritic  rocks,  so  abundant  in  the  placers 
of  the  Iponan,  are  here  very  scarce,  presenting,  on  the  other  hand,  as  a  new  and 
dominant  element  some  bowlders  of  the  size  of  a  man's  head,  not  very  rounded,  of 
orthoclase  feldspar,^  which  in  some  places  are  so  entirely  decomposed  that  they 
seem  to  constitute  nuclei  of  very  white  and  pure  kaolin.  In  the  lower  part  of 
this  alluvion  there  is  also  seen  a  very  considerable  quantity  of  hematite  and 
magnetic  iron  in  pieces  almost  angular,  and  the  gold  which  is  found  between  them 
is  in  little  flakes  and  plates  of  a  more  red,  dirt  color  and  seems  purer  than  that 
found  in  the  valley  of  the  Iponan  River. 

The  almost  complete  absence  of  the  eruptive  rocks,  the  presence  of  feldspar, 
which  is  not  found  in  other  placers  and  the  better  quality  of  gold  which  occurs 
here,  induces  me  to  believe  that  these  placers  have  a  different  origin  from  those 
of  the  valley  of  the  T])onan,  that  is  to  say,  that  they  come  from  another  class  of 
deposits  in  a  rock  with  a  different  gangue  and  finer  mebil. 

Placer  of  Calao. — Tn  the  placer  of  Calao  the  same  characters  are  also  seen, 
with  the  dilTereuce  that  the  strata  are  more  clayey  and  at  the  same  time  of 
greater  thickness.  The  section  of  the  banlasan  which  was  cleaned  out  for  collect- 
ing samples  presented  the  following  zones: 

1.  0.20  meter  Soil. 

2.  0.50  meter  Payaaon  or  a  brown  clay. 

3.  1.10  meters  Acaron  or  red  clay  with  pebbles. 

4.  2.40  meters  Dugcdlon  or  tlie  pay  streak. 

Other  placers. — Tn  various  localities  of  the  valley  of  the  Cagayan  lliver  and 
of  the  principal  tributaries  of  the  same*,  there  are  placers  whose  character  is  very 
similar  to  those  described,  especially  to  that  of  Calao,  for  example,  the  one 
situated  near  Munique,  close  to  the  junction  of  the  Mangalay  and  the  Cagayan, 
but  the  washings  of  this  ground  very  carefully  made  with  a  hxlingan  showed 
absolutely  no  values  and  for  this  rea.son  there  is  no  remnant  nor  trace  of  ancient 
workings. 

:i.  VALLEY  OF  THE  lUGAAN   RIVEU. 

Situation  of  the  river  and  character  of  the  beds. — This  river  with  a  slight  fall 
and  of  little  geographic  importance,  runs  from  south  to  north  as  in  case  of  the 
others. 

Not  very  far  from  Cagayan  it  empties  into  the  sea  near  the  town  of  Gusa.  It 
has  its  source  in  the  western  slopes  of  the  mountain  of  Tampayong,  on  the  slope 
of  which  is  situated  the  only  placer  known  in  the  valley  of  this  river.  Its  bed 
is  auriferous,  but  quite  poor,  for  which  reason  no  work  has  been  done  here. 

^This  is  unusual,  for  orthoclase  is  noticeably  lacking  in  most  of  the  igneous 
rocks  of  the  Philippines. 
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Situatiofi  of  the  placer, — Almost  at  the  source  of  the  river  there  ia  on  the 
mountain  of  Tampayong  an  arroyo  of  considerable  declivity  in  its  upper  part, 
but  gentler  in  its  fall  near  its  junction  with  the  Bigaan,  constituting  a  valley 
which  terminates  at  the  right  bank  of  the  river.  This  valley,  which  ia  called 
Kiondugan,  the  same  as  the  arroyo  througli  which  it  runs,  contains  the  placer 
called  Quiliut,  the  name  of  a  former  settleujent  of  Montcsca  a  kilometer  to  the 
north  of  the  valley. 

Tfic  placer  of  Kitondugan. — In  this  placer  there  are  a  numl>er  of  tujubs,  or 
test  pits,  and  various  banlasan  of  less  importance  than  those  which  exist  in 
the  valley  of  the  Iponan  Kiver,  and  even  less  than  that  of  the  Cagayan.  The 
most  recent  of  all,  which  was  cleaned  out  in  order  to  obtain  samples,  presented 
tlie  following  composition: 

1.  0.30  meter  Soil. 

2.  0.80  meter  Acaron,  very  sticky,  red  clay, 
.'i.  2  meters  Dupcdlov  or  tlie  pay  streak. 

This  placer  contains  scarcely  any  quartz  pebbles  or  eruptives,  only  some  small 
slaty  pebbles,  very  much  decomposed,  which  could  easily  be  broken  and  seemed 
to  be  pieces  of  ferruginous  clay  or  indurated  ochers.  Neither  did  we  see  any 
pebbles  of  ionasd  (hematite),  or  magnetite  iron,  and  the  gold  which  is  obtained 
liere  by  washing  is  exceedingly  fine  and  in  small  quantities. 

4.  THE  VALLFA'  OF  THE  CUTMAN   RIVER. 

Hituaiion  of  the  river. — The  Cut  man  River  on  the  eastern  flank  of  the  same 
mountain  of  Tampayong,  rises  and  runs  parallel  to  the  Bigaan  toward  the  north 
until  it  empties  into  the  sea  at  the  town  of  Agusnn.  It  is  of  grcjiter  importance 
tlian  the  latter  because  its  fall  is  greater  and  its  valley  is  of  greater  extension, 
though  there  is  not  much  difTerence  in  the  richness  of  the  placers. 

The  situation  of  the  pl/jcers.-  The  Bugsug  Kiver  runs  to  the  west-northwest 
of  a  town  of  the  Monteses,  called  Taguiptip,  and  is  one  of  the  tributaries  of  the 
Cutman,  and  in  the  valley  are  the  placers  of  Cabalitian  and  the  Libangan,  names 
derived  from  the  two  arroyos  which  traverse  thorn. 

Placer  of  Cabalitian. — The  Cabalitian  is  a  little  valley  with  remains  of 
banlasan,  numerous  tujubs  and  worked  out  pits  (rapifia)  made  in  very  clayey 
alluvion,  of  from  0.50  of  a  meter  to  2  meters  in  size,  pebbles  are  of  slate  and 
quartz  and  very  angular,  the  gold  does  not  occur  in  round  grains  but  in  dentritic 
forms  very  pronouncedly  angiilar,  indicating  that  the  formation  of  this  placer 
is  purely  local  and  that  it  should  not  be  very  far  from  the  veins  which  have 
been  the  source  of  such  values  as  it  possesses.  . 

Examining  closely  the  sides  of  the  Valley  of  Cabalitian  and  especially  the 
divide  between  it  and  the  Tiunsan,  one  finds  slates  of  the  crystalline  series  cut 
by  irregular  veinlets  of  quartz,  which  possibly  form  the  source  of  the  placer 
gold,  although  at  the  places  where  I  had  an  opportunity  to  examine  them,  they 
did  not  give  any  evidence  of  containing  metallic  substance.  Furthermore  there 
comes  in  support  of  this  belief  the  fact  that  there  is  found  to  the  north  and 
not  very  distant,  a  similar  formation  at  Pigholugan. 

The  placer  of  Libangan. — ^The  placer  of  Libangan  where  there  are  very  scanty 
indications  of  workings,  is  even  of  less  importance  than  the  former,  both  in 
extent  and  in  richness,  and  still  less  than  the  other  alluvial  formations  of 
the  valley  of  the  Bugsug,  which  also  was  not  exploited,  nor  were  the  sands  of  this 
river,  nor  those  of  the  Cutman,  washed. 
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Result  of  the  practical  tests  by  washing. — The  washing,  or  practical  tests, 
made  at  some  points  of  the  same  placers  upon  a  fraction  of  a  cubic  meter  or  less 
gave  the  following  results: 

Ground  from  the  alluvions. 

Gr.ims  of  gold   per 
cubic  meter. 

From  two  abandoned  banldsan  at  Pigtao 3.520 

From  the  two  at  Caminganan  4.320 

Banldsan  in  Bitog 4.140 

Banldsan  in  Calao  1.130 

Banldsan  in  Kitondugan 0.G20 

From  the  observation  and  comparison  of  tlie  preceding  results  it  is  evident  that 
the  banldsan  of  Bitog  is  comparable  in  value  to  the  trench  at  the  church  in  Pigtao, 
the  gold  being  of  bettor  fineness.  Second,  that  the  poorest  alluvion  is  that  of 
Cabalitian  (Bugsug)  and  that  having  the  least  value  is  that  of  Kitondugan 
(Quiliut).  Third,  that  the  average  richness  of  the  alluvions  of  the  valley  of  the 
Iponan  River  give  a  value  of  3.288  grams  for  the  assay  and  3.55G  grams  for  the 
washings.  Fourth,  that  this  discrepancy  is  probably  due  to  the  fact  that  the 
banldsan  selected  for  the  samples  for  washings  were  undoubtedly  richer  than  the 
part  near  the  river  where  the  trench  was  opened  for  taking  the  samples  for  the 
laboratory.  Fifth,  that  in  most  of  the  points  this  anomaly  is  not  noted,  although 
the  difFerence,  it  seems,  should  be  even  more  considerable.  Sixth,  that  in  general 
these  alluvions  have  smaller  value,  but  are  analogous  to  those  of  Russia  and  quite 
inferior  in  value  to  those  of  California  and  Australia. 

In  conclusion,  the  regularity  of  the  operations  which  I  have  just  indicated, 
their  proper  organization  and  use  of  all  the  resources  which  can  be  obtained  in 
the  country  and  the  relatively  small  cost  of  the  primitive  installations,  seems  to 
me  to  leave  no  doubt  but  that  many,  if  not  all  of  the  placers  of  the  district,  could 
be  exploited  with  good  results. 

Lode  deposits. — As  I  have  several  times  stated,  the  only  (lode)  deposits  which 
are  known  and  which  have  been  partly  explored  in  the  district  are  found  in  the 
Hill  of  Pigholugan,  and  correspond  to  the  class  of  contact  or  metamorphic 
deposits. 

Situation  and  features. — The  Hill  of  Pigholugan  is  situated  on  the  right  bank 
of  the  Cutman  River  between  the  arroyos  and  small  valleys  or  ravines  of  Cabag- 
cahan  and  Pigholugan,  made  up  of  old  metamorphic  slates,  argillaceous,  siliceous, 
and  some  steatitic,  striking  from  north-northeast  to  south-southwest,  dipping 
almost  vertically.  These  slates  are  crosseij  by  irregular  veins  of  auriferous 
quartz  whose   general   direction   is   from   east    to   west,   with   various   deflections 


which  follow  the  same  irregularity;  with  a  dip  moreover  practically  vertical  and 
with  thicknesses  which  vary  between  0.04  meter  and  0.20  meter. 

The  quartz  as  a  rule  is  very  well  crystallized  with  numerous  geodes,  in  some 
of  which  the  gold  is  found  in  dentritic  filaments,  also  in  flasks  and  plates  between 
the  quartz  and  the  walls  of  the  veins.  Besides  the  gold  one  finds  throughout 
in  the  quartz  in  small  quantities,  little  fragments  of  arsenical  pyrites  veins  which 
very  probably  may  be  auriferous,  as  is  the  case  with  nearly  all  the  pyrites  of 
the  Archipelago. 

From  all  that  has  been  said  we  may  deduce  the  following:  First,  that  in  the 
new  district  of  Misamis  there  exist  auriferous  de{K)8it8  of  two  classes,  placers 
in  the  hydro-geological  valleys  of  Bucalalan,  Iponan,  Cagayan,  Bigaan,  and  Bugsug 
Rivers,  and  veins  in  the  Hill  of  Pigholugan. 

Second,  that  the  placers  are  to-day,  and  always  have  been,  the  chief  producers  of 
gold  in  the  district. 

Third,  that  the  placers  which  are  the  most  important  by  reason  of  their  extent 
and  richness  are  those  in  the  valley  of  the  Iponan  River,  while  those  in  the  valley 
of  the  Cagayan  River  are  best  known  on  account  of  the  values  and  quality  of  the 
gold. 

Fourth,  that  the  veins  of  Pigholugan  have  a  value  still  little  known  in  spite  of 
their  having  been  worked  to  a  certain  extent. 

Fifth,  that  Uie  placers  of  the  Iponan  River  and  the  Cagayan  River  can  bo 
exploited  profitably  provided  that  the  work  is  conducted  with  the  necessary 
intelligence. 

Sixth,  that  for  this  work,  the  usual  proceeding  of  the  country  should  be  modified 
to  some  extent  and  the  use  of  the  hilingan  be  replaced  entirely  by  amalgamation. 

Seventh,  that  the  veins  of  Pigholugan,  because  of  their  location,  are  worthy  of 
careful  investigation,  which  can  be  made  without  great  cost. 
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VEGETATION   TYPES. 

As  with  other  parts  of  the  Philippines,  the  vegetation  of  the  Aroroy  mining 
region  may  be  the  original,  or  that  due  to  the  influence  of  man.  The  former  may 
he  roughly  designated  as  commercial  forests,  the  latter  as  cogonales,  cultivated 
land  and  noncommercial  forests. 

COMMERCIAL   FORESTS. 

As  can  be  seen  from  the  map  (Plate  XIII)  the  commercial  forests  occupy  almost 
two-thirds  of  the  entire  area  of  the  two  quadrangles  under  consideration.  In  a 
rough  way,  these  forests  may  be  divided  into  four  types,  which,  for  convenience, 
may  be  called  the  river-bottom  type,  the  type  of  the  lower  slopes,  the  exposed  ridge 
type,  and  the  mangrove  type. 

MINING   TIMBERS. 

The  estimate  of  stands  was  mostly  confmed  to  the  vicinity  of  the  properties 
of  the  mining  companies.  As  shown  on  the  map,  these  regions  border  on  the 
edge  of  the  commercial  forest  and  grass  lands.  In  all  instances,  the  mines  them- 
selves are  located  in  commercial  forests.  Whe^^e  these  mines  are  situated  well 
up  the  slopes,  they  are  within  easy  reach  of  the  ridge  type  of  forest,  in  which 
valuable  first-group  woods  are  found.  Where  they  are  in  the  lower-slope  type,  the 
most  accessible  timbers  are  the  cheaper  grade  timbers.  All  the  timbers  that  have 
been  cut  up  to  the  present  time  are  within  easy  reach  of  the  tunnels  in  which  they 
are  placed.  In  one  mine  tamayuan  is  being  used  extensively  for  props  and 
footings.     The  trees  selected  are  usually  about  20  to  30  centimeters  in  diameter. 


*  While    this   paper    deals    with    a    particular    district,    it    might    be    taken    as 
applying  generally  to  the  lowland  districts  of  the  Philippines. 
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Before  placing,  they  are  barked,  but,  so  far  as  observed,  no  attempt  has  been 
made  to  remove  snpwood.  Indeed  the  tree  when  matured  is  seldom  as  large  as 
37  centimeters  in  diameter,  so  that  the  removal  of  the  sapwood  would  in  many 
instances  leave  the  log  too  small  for  use.  Jn  this  mine  young  trees  of  all  timbers 
in  the  vicinity  are  used  for  siding,  especially  lauan^  probably  because  it  is  most 
abundant.  In  one  other  mine  no  attempt  had  be<»n  nuide  to  select  timbers  for 
props  and  footings,  all  being  used  indiscriminately  and  placed  at  once  after  cut- 
ting in  the  mines,  without  barking. 

The  cuttings  in  tlie  vicinity  of  the  mines  are  not  extensive.  With  development, 
however,  the  demand  for  timber  will  be  increased.  It  is  to  the  interest  of  the 
companies  to  utilize  the  timbers  to  the  best  advantage,  for  if  they  do  not  do  so, 
they  will  soon  destroy  the  forest  within  easy  reach.  The  custom  of  removing  only 
small  timbers  is  against  all  goo<l  principles  of  silvicultural  management.  It 
means  the  destruction  of  a  crop  that  should  be  left  for  future  use.  The  mature 
crop  should  be  cut  first.  For  molave  and  other  first  group  timber  the  minimum 
diameter  limit  should  be  fixed  at  50  centimeters.  While  the  cutting  and  prepara- 
tion of  large  timbers  may  entail  extra  expense  that  the  companies  are  not  now 
prepared  to  meet,  yet  as  soon  as  they  are  on  a  firm  financial  basis,  such  timl>er 
should  be  utilized.  With  the  power  that  is  necessary  to  ojKjrate  stamp  mills,  etc., 
they  could  easily  and  with  little  expense  install  a  sawmill,  which  would  enable 
them  to  handle  the  larger  trees,  the  waste  of  which  could  lk»  utilized  for  fuel. 
Such  a  step  taken  now  would  mean  great  saving  in  tlu*  future.  The  history  of 
all  mining  regions  shows  this. 

Timbers  are  necessary  for  two  general  classes  of  construction,  viz,  temporary 
and  permanent.  Many  temporary  tunnels  are  run  in  the  development  of  the 
mines.  These  can  be  timbered  with  the  che^iper  woods,  among  which  are  lauan 
and  toog.  If  such  tunnels  prove  to  be  permanent,  the  timbers  can  be  replaced. 
Of  course  molave  is  the  most  durable,  and  it  could  be  used  for  footings  and  posts. 
The  supply  of  molave  is  limited,  however,  and  unless  it  is  utilized  with  the 
greatest  care,  it  will  soon  be  exhausted.  The  same  can  be  said  for  the  other  first 
and  second  group  timbers,  such  as  narra,  iindalOy  and  dungon.  As  a  rule,  these 
timbers  should  be  saved  for  the  most  permanent  structures,  as  posts  for  mills 
and  other  buildings  and  special  places  in  tunnels.  Tamayuan  appears  to  be 
more  durable  than  any  of  the  other  cheaper  grade  timbers,  but  if  used  exclusively 
for  props,  etc.,  the  most  accessible  supply  will  soon  be  exhausted.  Little  or 
nothing  is  known  of  the  comparative  durability  of  the  remaining  timbers.  Two 
of  the  most  promising  of  these  are  toog  and  dao.  MagalipaCf  marobo,  and  lauan 
are  much  softer  and  probably  much  less  durable.  There  is  no  doubt  that  all 
of  these  timbers  are  far  less  durable  than  the  well-known  first  and  second  group 
woods.  Experience  alone  will  tell  which  are  most  suitable.  Aynuguis,  guijo,  and 
apitong  are  of  a  better  grade,  but  are  limited  in  amount. 

TIMBER   TREES. 

Tooo    {Terminalia  quadrialata  Merr. ). 

The  tree  has  a  regular  unbuttressed  bole,  which  reaches  from  80  to  120  centi- 
meters in  diameter,  and  runs  from  20  to  30  meters  in  length.  It  is  a  constant 
associate  of  lauan  in  the  lower-slope  type.  Here  according  to  estimates  based 
on  6.5  hectares,  it  averages  12  trees  over  30  centimeters  in  diameter  per  hectare. 
In  the  ridge  type,  there  are  7  trees  per  hectare,  though  it  is  entirely  absent  on 
the  most  exposed  situations.  The  reproducion  of  toog  is  not  good.  Few  seedlings 
are  present,  and  a  count  of  4  hectares  shows  only  about  half  as  many  poles  per 
hectare  as  trees.  ' 


74 

The  bark  of  toog  is  10  to  12  millimeters  in  thickness.  The  outer  hark  is  dark 
red,  nearly  black  when  wet,  and  has  irregular  lines  of  prominent,  corky  pustules. 
It  is  scalloped  with  irregular  depressions  as  large  as  saucers,  which  mark  the 
places  of  recent  shedding.  The  inner  bark  is  tan-red  and  very  stringy.  The 
proportion  of  sap  to  heartwood  is  about  1  to  4.  The  heartwood  is  a  dull  dark 
red,  resembling  somewhat  the  color  of  the  wood  of  dungon.  The  wood  is  said  to 
be  fairly  durable. 

Lauan    {Parashorca  plicata  Brandis). 

The  bark  has  flat  topped,  long  or  short,  anastomosing  ridges.  It  is  10  to  ir> 
millimeters  in  thickness,  and  is  brown  in  color.  Just  beneath  the  outer  bark 
there  is  usually  a  thin,  purplish  layer.  The  inner  bark  has  alternating  vertical 
tan-red  and  white  bands,  the  latter  being  located  beneath  the  depression.  Tlie 
sapwood  is  a  creamy-yellow;  the  heartwood  is  brown  to  slightly  pinkish  in  color. 

The  lauan  of  Masbate  has  a  straigiit,  regular  bole.  It  is  decidedly  the  most 
abundant  species  of  the  region,  and  occurs  in  pure  stands.  If  it  could  be  utilized, 
it  would  be  the  most  valuable  tree  in  the  district.  As  already  stated  it  is 
found  in  the  lower-slope  type,  and  will  thrive  on  ridges  where  the  soil  is  sufli- 
ciently  deep.  The  reproduction  is  excellent.  Seedlings,  saplings  and  poles  ar:' 
the  principal  features  of  the  undergrowth  in  many  portions  of  the  lower-slope 
type. 

Tamayuan    (Strombosia  philippinensis  Rolfe). 

This  tree  is  found  distributed  through  the  lower  slope  type.  It  forms  a  con- 
spicuous part  of  the  undergrowth  of  the  lower-slope  type.  It  is  a  tree  that  seldom 
reaches  a  diameter  of  40  centimeters  when  mature. 

The  bark  is  5  to  12  millimeters  thick.  The  outer  bark  is  smooth,  dark  brown, 
nearly  black,  and  is  covered  with  lines  of  corky  pustules.  This  is  shed  in  large 
irregular  plates,  and  the  new  bark  thus  exposed  is  cinnamon-brown  in  color. 
The  inner  bark  is  yellow,  with  white  concentric  bands.  The  bole  is  usually  slightly 
irregular. 

The  wood  is  hard  and  probably  quite  durable,  althougli  there  is  as  yet  little 
reliable  information  concerning  its  durability.  The  sapwood  has  a  very  slight 
reddish  or  purplish  tint,  which  becomes  more  pronounced  in  the  heartwood.  The 
line  between  the  heart  and  sapwood  is  very  irregular,  sometimes  forks  of  tlio 
former  extending  into  the  latter.  This  wood  is  one  of  the  most  promising  of  the 
mining  timbers.  It  is  used  almost  exclusively  by  one  company  for  props  and 
footings. 

Dungon    {Tarrietia  sylvatica  Merr.). 

This  tree  is  distinctly  of  the  ridge  type,  where  it  reaches  its  best  development, 
although  here  it  averages  only  28  trees  per  hectare.  The  bark  of  dungon  is  8  to 
10  millimeters  in  tliickness.  The  outer  bark  is  cinnamon-brown,  ashy-gray  in 
color,  and  is  covered  with  corky  pustules.  It  looks  much  like  guijo.  It  is  shed 
in  large  scroll-like  patterns.  The  inner  bark  has  a  delicate  pink-tan  color  with 
fine  concentric  lines.  The  proportion  of  sapwood  to  heartwood  is  about  1  to  4. 
The  former  is  white,  lightly  tinged  with  red,  and  the  latter  is  a  very  dark 
bro^vnish-red.  The  tree  has  an  irregular  bole  and  is  sometimes  strongly  but- 
tressed. The  largest  tree  noted  had  a  diameter  of  about  80  centimeters  and  a  clear 
length  of  at  least  15  meters.  The  reproduction  of  dungon  is  fairly  good.  Seed- 
lings, saplings  and  poles  form  a  proportional  share  of  the  undergrowth  near  the 
mature  trees.  The  tree,  while  intolerant,  is  slightly  less  so  than  its  associates, 
molave  and  tindalo. 

Dungon  is  one  of  the  most  d\irable  tikibers  of  the  region,  but  because  of  its 
limited  quality,  should  be  used  sparingly. 
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TiNDALO    (I'ahudia    rhomboidca    Pniin). 

Tindalo  is  distiiKtly  a  ridgetvpe  trtn?,  but  even  here  it  is  very  scattered,  form- 
ing only   15  trees  per  hectare. 

The  bark  of  tindalo  is  about  10  millimeters  thick.  The  outer  bark  ia  creamy- 
yellow  in  color,  is  uneven  on  the  surface,  and  is  covered  with  corky  pustules. 
This  uneven  surface  is  due  to  the  Hiucer-like  depressions  left  when  the  bark  is 
shed.     The  inner  bark  is  brownish  yellow  in  color. 

The  reproduction  of  iindah  is  [)oor.  All  trees  noted  were  mature  or  nearly 
mature. 

MoLAVE    {Vitcx  parviflora  Jubs.). 

Molave  belongs  distinctly  to  the  ridge  type  of  forest,  where,  according  to  the 
estimates  made,  it  averages  2.4  trees  per  acre. 

The  bark  of  molave  is  8  to  10  millimeters  thick.  The  outer  bark  is  a  light- 
yellow-brown,  and  has  a  smooth,  slightly  shreddy,  but  uneven  surface.  The*  inner 
bark  is  light  yellowish  with  darker  yellowish  concentric  rings.  It  quickly  turns 
brown  on  exposure.  Tiie  bole  of  the  tree  is  very  irregular  and  often  shows 
a  spirally  twisted  trunk. 

The  reproduction  of  ivolave  is  exceedingly  poor,  although  a  constant  .search 
was  made  for  seedlings,  none  were  found.  Indeed,  the  smallest  tree  noted  was 
20  centimeters  in  diameter,  although  many  of  the  trees  were  in  flower  or  fruit. 
The  tree  is  exceedingly  intolerant  of  shade,  and  consequently  occupies  the  most 
open  places.  It  is  more  abundant  on  the  border  of  grass  land  than  elsewhere. 
Colonies  of  trees,  gnarled  and  stunted  in  growth,  are  often  found  isolated  on 
rocky  ridges  in  the  cogonales  themselves.  That  the  tree  does  not  occupy  the  drier 
ridges  from  choice  is  evidenced  by  the  fact  that  occasional  trees  were  noted  in 
open  places  in  the  lower  slope,  and  even  in  the  river-lwttom  types.  Esjx»cially 
is  this  true  along  the  border  of  the  narrow  strips  of  forest  in  the  cogonales  that 
skirt  the  streams.  The  a]ipi^aranc'i  of  molave  on  the  dioritic  rocks  of  this  region 
shows  conclusively  that  it  is  not  confined  to  limestone  rocks,  as  is  eommonly 
believed. 

Molave  is  the  most  abundant  and  most  durable  of  the  woods  of  the  region. 
Many  of  the  trees,  while  old  and  decayed,  contain  a  suflicient  amount  of  sound 
wood  for  construction  purposes.  Since  the  tree  is  failing  to  reproduce,  no  future 
crop  is  coming  to  replace  the  present  one. 

Guijo   {Shorea  guiso  Blume). 

Guijo  is  found  in  very  limited  quantities  in  the  lower-slope  type.  The  bark 
is  7  millimeters  thick;  the  outer  bark  is  cinnamon-brown  in  color  where  freshly 
shed,  and  thickly  set  with  corky  pustules.  The  darker,  older  bark  breaks  in 
vertical  flakes.  The  inner  bark  is  brown  tan  to  cream  color,  tinged  with  tan. 
The  trunk  is  straight,  cylindrical  and  clear  of  defects. 

Nabba   {Ptcrocarpua  indicus  Willd.). 

Nana,  although  most  abundant  in  the  river-bottom  type  is  not  conflned  entirely 
to  that,  for  the  lower  slope  type  shows  1.6  trees  per  hectare,  and  even  on  the 
dry  ridges  there  are  scattering  trees. 

The  bark  of  narra  is  3  to  5  millimeters  in  thickness,  the  outer  bark  is  brown 
to  olive-gray  in  color,  soft  and  minutely  flaky.  The  inner  bark  is  light  red, 
streaked  with  darker  red,  short  tubes,  united  in  vertical  rows.  These  tubes,  on 
being  cut,  exude  a  dark  red  sap  which,  on  solidiflcation,  becomes  very  reddish- 
brown  in  color.  Nana  is  not  quite  so  intolerant  of  shade  as  molave.  So  far  as 
tolerance  is  concerned  the  ridge  type  would  be  an  ideal  place  for  it,  but  here  the 
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soil  conditions  are  probably  too  dry  at  certain  seasons  of  the  year.  If  it  were 
more  tolerant,  the  lower-slope  type  would  be  the  ideal  place  for  it,  as  evidenced 
by  the  fact  that  it  here  reaches  its  best  development.  It  is,  however,  usually 
crowded  to  the  borders  of  streams,  where,  besides  a  sufficient  supply  of  moisture, 
it  has  better  light  conditions  than  can  be  obtained  in  the  close  forests  of  the 
lower-slope  type.  The  reproduction  of  narra  is  fairly  good.  In  open  places, 
near  seed  trees,  many  seedlings  are  often  present;  away  from  these  there  are 
scarcely  any. 

Narra  is  a  durable  wood  in  contact  with  the  ground,  but  because  of  its  limited 
supply  and  because  of  its  high  value  for  cabinet  wood,  it  should  be  used  sparingly 
for  construction  work. 

Amuguis   (Koodcrsiodendron  pinnatum  Merr.). 

Amuguis  follows  narra  in  its  distribution,  being  most  abundant  in  the  river- 
bottom  type,  less  so  on  the  lower-slope  type  and  almost  entirely  wanting  in  the 
ridge  type.  It  is  a  good  general  construction  timber  whore  it  is  not  in  contact 
with  the  soil.  It  is,  however,  probably  much  more  durable  in  contact  with  the 
soil  than  many  of  the  fourth-group  timbers. 

Dao   (Dracontomelum  dao   (Bl.)   Merr.  &  Rolfe). 

l)ao  is  one  of  the  most  promising  of  the  little,  or  not  at  all  used  timbers. 
The  tree  is  constantly  associated  with  narra  and  amuguis  in  the  river-bottom 
type,  to  which  type  it  is  almost  entirely  restricted. 

Hagachac  or  Apitong   { Dipterocarpus  afjinis  Brandis). 

This  tree  known  locally  as  apitong,  is  almost  entirely  restricted  to  the  river- 
bottom  type.  Here  it  occurs  in  pure  stands  which  are  extremely  limited  in 
area,  because  the  physiographic  type  in  wliich  it  grows  is  so  limited.  Hagachac 
can  be  readily  distinguished  from  the  true  apitong  [Dipterocarpus  grandiflorus) 
by  the  fact  that  it  has  hairy  leaves,  while  the  leaves  and  petioles  of  apitong  are 
smooth.  There  is  little  doubt,  but  that  hagachac  is  as  good  a  constructive  timber 
as  apitong.  It,  like  apitong,  is  not  considered  durable  in  contact  with  the 
ground,  but  is  probably  more  so  than  any  of  the  fourth-group  timbers  herein 
mentioned. 

Maoalipac    {Sterculia  blancoi  Rolfe). 

This  is  a  timber  that  occupies  first  place  in  abundance  in  the  ridge  type,  and 
is  third  in  the  lower-slope  type.  It  is  a  timber  that  is  as  soft  or  softer  than 
lauan,  and  is  probably  not  durable,  although  experiments  alone  will  show  this. 

Marobo   {Diplodiscus  paniculatus  Turcz.). 

Maroho  is  a  little  known  timber  that  occupies  fourth  place  in  abundance  in 
the  ridge  type.     Nothing  is  known  about  its  durability. 

Other  timbers  that  deserve  mention  are  malaguibuyo  [Celtis  sp.)  ;  Artocarpus 
sp.  [cuhi)  ;  Trewia  amhigua  Merr.  {matobato) ,  Tcrminalia  nitens  Presl.  {maga- 
ialisay),  Nanclea  sp.  [calamansanay) ,  and  Kingiodendron  alternifolium  (Elm.) 
Merr. 

Little  or  nothing  is  known  of  malaguibuyo.  It  is  closely  related  to  a  species 
known  as  malaicmo.  It  is  not  durable.  Cubi  is  identical  with  or  closely  related 
to  the  anubing  of  commerce.  It  is  known  to  be  durable  in  contact  with  the  ground. 
While  only  two  trees  were  noted,  a  more  careful  search  might  show  that  there 
are  localities  where  it  is  found  to  be  more  abundant.  Magatalisay  is  the  sacat 
of  commerce,  and  is  valuable  for  light  construction  purposes.     Matobato  is  said 
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to  be  quite  durable,  and  is  ranked  with  tamaifuan.  It  is  little  used,  however, 
probably  because  it  is  not  abundant.  Batete  is  another  wood  the  qualities  of 
durability  of  which  are  little  or  not  at  all  known.  It  forms  almost  pure  stands 
in  some  portions  of  Masbate,  and  is  used  locally  for  floors  and  siding  in  house 
construction.     It  is  shipped  to  Manila  in  limited  quantities. 

THE   MANGROVE   SWAMPS. 

On  the  east  side  of  Barrera  Bay  there  are  two  areas  of  mangrove  swamps 
(mangles),  occupying  in  all  some  10  square  kilometers  (2,500  acres).  These 
lie  at  the  mouths  of  the  Guinobatan  and  Lanaiig  Rivers.  The  latter  is  most 
extensive,  and,  except  for  narrow  strips  along  both  margins  of  the  river,  has 
been  little  utilized.  The  woods  of  these  swaujps  are  most  valuable  for  firewood. 
The  wood  is  cut  at  a  contract  cost  of  ^.25  per  cord,  and  is  trans|K)rted  in  a 
barge  a  distance  of  about  5  kilometers  for  1^1.25  i>er  cord.  This  makes  a  total  cost 
of  ^3.50  per  cord. 

On  account  of  lack  of  time  no  attempt  was  made  to  estimate  the  number  of 
cords  per  acre.  Until  such  an  estimate  is  made,  no  accurate  information  can  be 
given  about  tlio  nuiiibor  of  cords  of  wood  in  this  mangle.  However,  it  can  be 
stated  that  at  the  present  crop,  tliis  excellent  wood  supjdy  will  last  a  great  many 
years.  Reproduction  is  excellent,  and  long  before  the  present  area  can  be  cut 
over,  suflicient  time  will  have  elapsed  to  restock  the  areas  first  cut  over.  The 
danger  lies  in.  cutting  too  closely  the  forest  within  easy  reach  of  water  transporta- 
tion. As  the  edge  of  the  cuttings  is  pushed  back  from  the  banks  of  the  streams 
and  large  esteros,  the  difiiculty  of  transportation  will  l)e  increased.  Although 
not  thoroughly  investigated,  it  is  believed  that  the  area  within  immediate  reach 
of  the  waterways  is  so  large  that  a  judicious  selection  of  mature  timber  will 
bring  about  a  rotation  of  crops  that  will  keep  the  cutting  area  indefinitely  within 
easy  reach,  so  that  all  firewood  can  be  cut  and  loaded  on  boats  with  little  or  no 
land  transportation.  To  be  sure,  mangrove  swamps  arc  so  interlaced  with  tidal 
channels  that  the  entire  body  of  timber  is  no  great  distance  from  the  water's  edge, 
but  many  of  these  channels  are  too  small  to  allow  the  entrance  of  barges.  The 
extra  handling  of  the  wood  along  such  channels  will  add  materially  to  the  cost, 
ft  is  therefore  to  the  interest  of  the  company  so  to  conduct  their  cutting  opera- 
tions as   to  avoid   this  extra   handling. 

A  careful  study  of  the  conditions  in  this  swamp  including  estimates  of  the 
number  of  cords  of  wood  per  acre  and  a  scheme  for  proper  rotation  of  crops,  etc., 
would  furnish  material  for  a  plan  to  exploit  the  mangle  economically.  I  have  seen 
no  better  place  in  the  Islands  to  study  mangrove  vegetation  than  in  Barrera  Bay. 

DURABILITY   TESTS. 

Arrangements  were  made  with  three  mining  companies  to  label  timbers  placed 
in  tlie  mines,  in  the  construction  of  mills,  etc.  For  this  purpose  blank  forms 
were  furnished  the  companies,  to  be  filled  out  by  them  when  such  timbers  are 
placed.  Copper  labels  were  also  left  with  them  in  order  that  the  timbers  could 
be  properly  marked. 

Following  are  the  lists  of  timbers  suggested  to  them : 

Mount  Cogran  Mining  Company  (copper  labels  1  to  12),  dungorif  letis  or  hetiSf 
toog,  tamayuan,  lauan,  haiisalguin,  magalipac,  maroho,  apitong  (hagachac) ,  guijo 
iguiso),  and   amuguis. 

Colorado  Mining  Company  (copper  labels  22  to  35),  dungon,  tindalo,  molave, 
palo  maria^  dao,  toog,  calamansanay ,  magalipac^  maroho,  Iduarif  tamayuan,  and 


Eastern  Mining  Company  (copper  labels  35  to  50),  dungon,  calamansanay, 
narra,  iindalo,  tamayua/n,  Uiuan,  magalipdc,  bansalagtihi,  toog,  dao,  marohOf  mala- 
guihuyo,  amuguis,  molave  and  matohato. 

The  lists  given  are  merely  suggestive,  but  they  include  some  of  the  most  durable, 
as  well  as  all  of  the  most  abundant,  but  commonly  reputed  to  l>e  undurable, 
timbers.  It  is  upon  such  timbers  that  the  companies  will  have  to  depend  for 
their  supply,  hence  such  information  as  can  be  obtained  by  them  will  be  of  lasting 
value. 

It  is  a  well-known  fact  that  timbers  of  equal  quality  will  last  longer  in  tem- 
perate than  in  tropical  regions.  This  is  due  to  the  devastating  action  of  the 
white  ant  and  fungus  growth.  The  former  is  not  present  in  temperate  regions, 
and  because  of  continuous  warmth  and  almost  continuous  moisture,  fungi  ar(» 
more  destructive  in  the  Tropics.  While  it  is  true  that  there  are  few  timbers  like 
molave  that  will  last  longer  in  tropical  conditions  than  the  best  timbers  of 
temperate  zones,  yet  most  of  the  tropical  timbers  are  exceedingly  rapid  in  decay. 
However,  these  same  timbers,  if  used  in  similar  situations  in  temperate  zones, 
would  probably  last  as  long,  if  not  longer,  than  many  of  the  woods  used  there. 
This  goes  to  show  that  the  tropical  miner  can  not  expect  the  common  timbers 
that  are  placed  in  his  mines  to  last  as  long  as  his  experience  in  temperate  regions 
has  seemed  to  teach  him  they  should  last.  Many  of  the  timbers  now  thought  to 
be  of  little  value  would  probably  outlast  the  common  trees  of  temperate  zones 
in  exactly  the  same  conditions.  Jt  will  be  seen  tliat  the  timbers  which  decay 
rapidly  are  the  most  abundant.  It  is  believed  that  if  these  timbers  are  properly 
preserved,  they  will  last  as  long,  if  not  longer  than  the  more  durable  ones,  and 
that  it  would  pay  the  companies  to  put  in  presoiving  plants  of  some  kind. 
The  Bureau  of  Forestry  is  in  a  position  to  advise  conipanios  concerning  the  kinds 
needed  and  the  cost  of  the  same. 


ABSTRACT  OF  PHILIPPINE  MINING  LAW. 


Hv  II.  0.  Kkr(Uson. 


The  basis  of  the  present  Pliilippine  Mining  l^iw  is  conlainiHl  in  sectiuns  20  to 
C2  of  the  Act  of  Congress  approved  July  1,  15)02,  aniendeii  as  regards  several 
sections  by  section  9  of  the  Act  of  Congress  approved  February  5,  1U()5,  Various 
Acts  of  the  Philippine  (Jovernnient  have  amplified  these  provisions. 

In  the  Act  of  Congress  the  following  are  the  most  important  provisions: 

Section  21  provides  for  the  taking  up  of  claims  by  the  citizens  of  the  United 
States  or  of  the  Philippine  Islands  and  forbids  the  working  of  mineral  dej>osits 
under  agricultural   title. 

Section  22  defines  a  mineral  claim  and  fixes  the  size  of  a  claim  as  a  square  of 
300  meters  on  a  side. 

Sections  23  and  26  deal  with  the  metho<ls  of  locating  claims. 

Section  27,  one  of  the  most  imiK)rtant  in  the  Act,  defines  the  boundaries  of  a 
claim  as  extending  vertically  downward  thus  doing  away  with  the  extra-lateral 
rights  which  have  been  such  a  fruitf\il  source  of  trouble  in  American  mining. 

Sections  27  to  32  de^il  with  details  of  recording  claims  and  designate  the 
various  provincial  secretaries  as  mining  recorders  until  other  oflicers  shall  be 
appointed  by  the  Philippine  Government. 

Section  33  states  "that  no  holder  shall  1k»  entitled  to  hold  in  his,  its,  or 
their  own  name  or  in  the  name  of  other  person,  corporation  ,or  association  more 
than  one  mineral  claim  on  the  same  lode."  In  an  opinion  of  the  Attorney-General 
it  is  held  that  this  section  does  not  prohibit  tlie  holding  of  any  number  of  patented 
claims  by  a  person  or  corporation. 

Section  34  provides  for  notice  of  abandonment  and  section  35  for  affidavits  of 
citizenship.  Section  36  deals  with  assessment  work  and  provides  that  annual 
labor  to  the  value  of  1*=200  shall  be  performed  on  each  claim. 

The  period  for  which  the  work  is  required  does  not  commence  until  the  Ist  of 
January  succeeding  the  date  of  location,  so  that  the  holder  of  a  claim  located  the  Ist 
of  January  has  two  years  in  which  to  perform  his  first  work.  As  there  is  no 
provision  for  discovery  work,  many  claims  are  held  from  year  io  year  without  any 
development,  the  holder  simply  relocating  either  in  his  own  or  another's  name 
whenever  it  becomes  necessary. 

Sections  37  and  38  deal  with  the  granting  of  patents,  the  requirements  for 
which  are  a  survey  made  by  or  under  the  direction  of  the  Bureau  of  Lands,  at  the 
expense  of  the  holder,  the  performance  of  a  thousand  pesos  worth  of  development 
work  and  the  advertisement  of  the  application  for  a  period  of  sixty  days.  If  there 
is  no  adverse  claimant,  a  patent  may  be  granted  on  payment  of  9^5  per  hectare. 

Section  39  provides  that  an  adverse  claimant  must  commence  proceedings  in  a 
court  of  competent  jurisdiction    (the  Court  of  First  Instance  for  that  district) 
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within  thirty  days  after  filing  his  claim  and  prosecute  the  same  with  ''due 
diligence." 

Section  40  deals  with  mineral  on  lands  already  surveyed. 

Sections  41  and  42  provide  that  claims  for  building  stone  and  petroleum  are 
to  be  entered  as  placer  claims. 

Section  43  allows  placer  locations  to  the  extent  of  64  hectares  for  an  association 
and  8  hectares  for  an  individual.  This  section  does  not,  however,  provide  that 
such  association  or  individuals  Hhall  be  limited  to  one  location. 

Section  44  requires  that  placer  locations  shall  conform  to  le^'al  subdivisions 
of  public  lands.     No  such  subdivisions  have  as  j-et  been  made. 

Section  45  allows  patents  to  be  aecpiired  by  workin;:?  a  claim  for  a  period  equal 
to  the  time  prescribed  by  the  statutes  of  limitations. 

Section  46  gives  the  Chief  of  the  Ihireau  of  Lands  power  to  appoint  deputy 
mineral  surveyors  and  to  fix  maximum  charges  for  surveys  and  advertisements. 

Section  47  deals  with  tlie  verification  of  aflidavits  and  contests  as  to  the 
character  of  land. 

Section  48  allows  the  location  of  land,  not  contiguous  to  a  lode,  not  to  exceed  2 
hectares,  for  mining  or  milling  purpose. 

Section  49  gives  the  Philijipine  Government  the  right  to  provide  rules  for  the 
regulation  of  mining. 

Section  50  and  51  deal  with  the  ])rotection  of  vested  water  rights. 

Section  52  allows  the  Philippine  Government  to  establish  land  districts  and 
appoint  the  necessary  officers.     Tliis  has  not  been  done  as  yet. 

Sections  53  to  57,  inclusive,  form  the  Coal  Land  Law  of  the  Philippine  Islands. 
These  provide  that  any  citizen  of  the  United  States  or  the  Philippine  Islands  or 
an  association  of  such  persons  may  enter  coal  lands  to  the  extent  of  64  hectares  to 
an  individual  or  128  to  an  association  upcm  payment  of  not  less  than  1*^50  per 
hectare  if  the  land  is  situated  more  than  25  kilometers  from  a  railroad,  navigable 
stream  or  not  less  than  ?100  per  lieetarc  if  tlie  land  is  within  this  distance. 
This  payment  is  to  be  made  within  a  year  of  the  date  of  filing  the  claims,  which 
itself  must  be  within  sixty  days  after  the  date  of  location,  otherwise  the  land  is 
open  to  relocation. 

Section  58  provides  that  saline  lands  may  be  sold  at  public  auotion  at  a  price 
of  not  less  than  ^()  per  hectare. 

Section  59  reserves  mineral  lands  from  land  grants. 

Section  60  assures  the  validity  of  Spanish  concessions  perfected  before  April  11, 
1899,  provided  that  the  owners  of  such  concession  shall  mark  their  corners  by 
permanent  monuments  within  six  months  after  the  passage  of  this  Act,  failure  to 
do  so  leaving  the  land  open  to  exploration  and  purchase. 

Section  61  provides  that  mining  claims  shall  be  acquired  only  in  accordance 
with  this  Act. 

Section  62  provides  for  the  procedure  necessary  for  the  cancellation  of  perfected 
Spanish  concessions. 

Three  Acts  of  the  Philippine  Government  (Nos.  624.  amended  by  various  later 
Acts,  1124,  and  1947)  amplify  the  provisions  of  this  law. 

Act  No.  624  defines  a  ynincral  claim  as  a  lode  claini^  a  mining  claim  to  in^^lude 
both  lode  and  placer  claims  and  includes  under  the  term  placer,  claims  for  placer 
mining,  stone  quarrying  and  for  securing  earth,  petroleum,  and  guano. 

The  Act  also  provides  a  form  of  location  notices,  and  annual  assessment  work, 
and  gives  detailed  directions  for  the  location  of  claims. 

Act  No.  1128  deals  with  coal  lands  in  the  same  manner  and  provides  in  detail 
for  location,  payment,  patents,  adverse  claims,  etc. 
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Act  No.  1947,  enacted  May,  1909,  validates  certain  Spanish  concessions,  the 
holders  of  which  while  acting  in  good  faith  had  not  complied  with  the  require- 
ments of  the  law.  The  claims  so  validated  are  for  the  most  part  situated  in  the 
Provinces  of  Ambos  Camarines,  Cebu,  and  Surigao.  The  conditions  under  which 
title  is  given  cover  the  continuous  and  proper  mining  of  the  concessions  and  the 
fulfillment  of  all  other  provisions  of  the  Royal  Decrees  of  1867,  not  in  conflict 
with  later  legislation,  including  the  payment  of  a  3  per  cent  royalty,  and  require 
the  holder  to  apply  for  rei^ist ration  of  his  title  within  two  years  from  the  passage 
of  the  Act. 

As  will  be  seen  from  a  study  of  the  Act  of  Congress  certain  of  the  provisions 
are  so  stringent  as  to  work  great  hardship  upon  the  mining  industry.  Those 
particularly  hurtful  are  sections  33  and  36  and  the  too  severe  provisions  of  the 
sections  relating  to  coal  lands,  and  it  is  earnestly  hoped  that  Congress  will  soon 
afford  us  relief  in  these  particulars. 

A  pamphlet  containing  in  full  the  Mining  Laws  of  the  Philippines  has  been 
issued  by  the  Bureau  of  Lands  and  may  be  had  upon  application  to  the  Bureau  of 
Printing,  Manila. 
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STATISTICS  OF  PKODUCTION. 


By  F.  T.  EoDiNoriELD. 


Table  I. — Mineral  i>roduction  in  1910, 

(In  pesos  •  Pbilipptne  currency.  1 


Province. 
Albay     

1    Gold.      Silver,  b 

Copper. 

Iron. 

Manga- 
nese.' 

Coal. 
172,  U55 

Ambos  Camarines 

i     144.900  1 

:::::::::::::::: 

Bulaean 1 '      .  . 

20,028 

Cebu _ ! i 

8,800 

Ilocos  Sur 

'     «» 1.000   . 

Masbate 

1       (')       ; 

Mindanao        .  

'    4  40,000  ! 

] 

Mountain  Province 

'   'i9r>,960    

(') 

Nueva  Ecija.. _ 

«»2r),ooo  ! 

PangaMinan 

••2,000  1 

Total       .     

80H,H60  • 

20,028 

«  176  26.') 

Total    metallic   with    coal    505,138 

Total    nonmetalllc    1.541,031 


General    total 2,046,109 

fABLE   II. — Comparative  statement   of  mineral  production  in   1907,    t908,   1909, 

and  1910. 

{In  pi*H<)8  "   Philippine  curreiKry.  I 


Year. 


Gold. 


Copper. 


Iron. 


MaTiKancKc. 


Coal.        Non-inctalllc. 


1907  .-_. 
1908 -„. 

1909  -_. 

1910  -._. 


111,194.00  ' 
431,.')()0.00 
49->.  191.00 
308,81)0.00  i 


9.').  r>3 

7r>o.oo 


17,rK)0.00  I 

31,078.00!       12,.^(K).0() 
20,023.00  ' 


2rv,799.00  ' 
77,  IrtC.OO  , 
197,  mt.OO  i 
170,255.00  i 


815,918.00 
1.504,091.00 
1,641,081.00 


*  One  peso  Philippine  currency  is  equal  to  50  cents  United  States  currency. 

»»  Some  silver  generally  found  alloyed  with  Philippine  gold.     None  is  mined  separately. 

*=  No  manganese  reported  for  1900.  but  several  new  depositfl  were  fou;id. 

<*  Includes  estimated  amounts  produced  by  natives. 

"  No  mills  running. 

'  Small   amounts  smelted   by  Igorots. 

«  28,655  tons  at  6.50  pesos  per  ton. 


INTRODUCTION. 


By  F.  T.  Eddinofield. 


The  year  1910  has  been  characterized  by  the  greatest  activity  in  the 
history  of  mining  in  the  Philippines,  yet  the  production  of  gold  fell 
to  but  little  more  than  GO  per  cent  of  the  previous  year,  and  all  the 
other  mine  products  suffered  a  reduction.     The  reasons  are  given  below: 

The  year  1909  closed  with  a  damaging  flood  in  Benguet  which  tore  away  the 
entire  cyanide  plant  of  the  Consolidated  mine  and  greatly  delayed  the  Bua,  since 
when  the  mines  have  been  worked  but  very  little.  Later,  severe  storms  swept 
through  the  south  causing  considerable  damage  to  the  San  Mauricio  and  hinder- 
ing the  work  of  construction  in  Masbate.  Still  later  the  Philippines  and  Stanley 
dredges  stopped  work  and  the  old  Paracale  dredge  sank.  Then  the  San  Mauricio, 
the  mine  most  anxiously  watched  by  everyone,  suspended  operations  and  dis- 
couraging reports  came  from  the  Tumbaga. 

Such  an  array  of  calamities  would  have  been  enough  to  dishearten  a  mm^h 
more  advanced  country  than  this,  but  they  afTectcd  the  continued  development 
but  little.  The  operators  seemed  to  realize  that  a  few  failures  of  hastily  planned 
enterprises  were  no  indication  of  the  true  worth  of  the  ore  bodies,  and  conse- 
quently began  slowly  to  start  operations  on  a  more  solid  basis. 

In  Benguet,  the  Major  Mines  Company  erected  a  six-stamp  mill  with  con- 
centrating tables  and  spent  large  sums  in  surface  construction,  houses,  sawmill, 
ore  bins,  tramways,  roads,  etc.,  preparatory  to  taking  out  ore.  The  Headwaters 
Company  began  the  installation  of  a  ten-stamp  mill  with  complete  cyanide  equip- 
ment, and  Mr.  McElroy  built  a  three-stamp  mill.  The  Consolidated  again  began 
operating  on  a  paying  basis  and  the  Bua  tore  down  the  old  mill  with  the  hope 
of  building  a  larger  one  in  a  more  smtable  location.  Farther  south  in  Benguet, 
near  the  Pangasinan  line,  Messrs.  McMichaels  and  Lambert  are  preparing  to 
erect  a  Huntington  mill  on  their  property  at  Lubang.  All  of  these  companies 
have  been  pushing  development  work,  as  have  many  others  in  this  district,  al- 
though at  present  without  any  mills,  and  a  large  number  of  promising  showings 
have  been  encountered. 

In  Nueva  Ecija  and  the  adjoining  country  to  the  east,  paying  placer  deposits 
have  been  met  with  and  arrangements  have  been  made  for  installing  dredges. 
Platinum  has  been  found  in  this  district,  and  the  country  to  the  south. 

In  Ambos  Camarines,  the  Paracale  Company  built  a  new  pontoon  and  put  up 
a  crusher  and  Huntington  mill  for  treating  the  rich  boulders  raised  by  the  dredge; 
the  Philippines  dredge  was  moved  to  the  Maliguit  River  where  it  has  at  last 
proved  a  success;  and  arrangements  have  been  made  to  build  a  dredge  on  the 
Gumaus  River. 
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In  Masbate,  the  Colorado  ronipany  is  erecting  a  twenty-stamp  mill  and 
cyanide  plant,  and  several  other  companies  have  started  with  renewed  activity 
to  develop  ore  and  prepare  for  mills. 

In  Marinduque  an  English  company  has  carried  on  operations  and  erected  a 
three-stamp  mill  with  concentration  tables  on  a  property  20  kilometers  south  of 
Santa  Cruz. 

Numerous  good  reports  continually  come  from  Surigao,  Mindanao,  where 
several  Americans  are  prospecting  placer  ground.  Mindoro  also  shows  promise 
in  this  direction,  and  it  is  very  probable  that  dredges  or  nome  wluicing  machinery 
will  ho  placed  in  one  of  these  districts  before  long. 

This  present  year  will  be  an  improvement  over  all  the  previous  ones, 
for  consorvative  men  have  been  investing  in  a  conservative  manner. 

This  buu.ktin  inciajdes  data  up  to  June  .30,  1911;  it  was  issued 

NOVKMBKH  10,1911. 


AROROY  MINERAL  DISTRICT. 


By  F.  T.  Eddixgfield. 


The  geology  of  the  Island  of  Masbate,  the  character  and  location  of 
the  ore  veins,  and  the  general  conditions  of  the  district,  have  been 
discussed  by  Mr.  11.  G.  Ferguson  in  an  article  wliich  will  appear  in  the 
Philippine  Journal  of  Science.  However,  since  Mr.  Ferguson's  artieh' 
was  written,  much  development  work  has  been  done  on  several  prop- 
erties, suflicient  in  some  cases  to  change  tlie  entire  outlook  of  the  prospect ; 
and  in  addition  const I'uct ion  work  has  been  going  on  j)i('parat(>ry  to 
milling. 

The  mineral  district  is  about  4  kilometers  wide  and  W  kilometers 
long,  although  most  of  the  veins  occur  in  an  area  about  4  by  8  kilo- 
nu^teis.  The  majority  of  the  veins  strike  V.  1.")°  W..  but  a  few  small 
ones  strike  F.  and  W.,  N.  and  S..  and  one  or  two  Xlv  and  SW. 

There  were  at  least  two  periods  of  fissuring  and  vein  tilling,  as 
indicated  by  the  faulting  of  one  vein  by  another  on  Ivalakbao.  The 
region  shows  great  movement  and  faulting,  probably  due  to  the  igneous 
intrusions  of  the  l^mique  series,  whieli  consist  of  daeites,  augite- 
andesites,  hornblende-andesites,  basalts,  and  leucite  tephrites.^  Tt  is 
j)robable  that  a  large  number  of  these  veins  occur  on  the  contacts  of 
the  intrusions  and  thai  many  others  are  fornu^d  in  fault  lissures,  whieli 
would  explain  the  irregularity  of  the  walls  and  the  pn^senee  of  'liorses" 
in  the  veins. 

TIIK    COLORADO    MINK. 

Tho  C'olorado  mine  is  located  on  Bagadilla  Mountain,  and  tlie  vein  on  whi(;!j 
most  of  the  development  work  has  been  done  outcrops  very  near  the  crest  of  the 
hill,  striking  about  S.  45°  E.  dipping'  70°  to  the  NK.  The  hi^rhest  point  of  the 
vein  is  about  320  meters  al)ove  sea  level  and  fully  200  meters  above  the  boiler 
floor  of  the  mill. 

There  are  two  main  tunnels  driven  along  the  foot  wall  of  the  vein.  No.  1 
is  :U)  meters  below  the  highest  {wint  in  the  outcrop,  and  opens  up  the  vein 
for  a  distance  of  210  meters,  No.  2  is  55  meters  on  the  incline  below  No.  1  and 
opens  up  the  vein  for  a  distance  of  380  meters.  A  third  level,  known  as  the 
''intermediate/'  is  being  driven  20  meters  above  No.  2,  connecting  three  raises 
from  No.  2  with  the  main  shaft.  These  raises  contain  ore  chutes  and  manways 
ready  for  stoping  on  the  intermediate.     On  the   first   level,  crosscuts  have  been 

^  Identified  by  H.  G.  Ferguson. 
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driven  at  short  intervals  to  the  han^in>^  wall  ami  drifts  have  been  driven  in  both 
directions  along  the  hanging  wall  to  connect  the  croMAcuts,  forming  a  main  haulage 
way. 

A  two-compartment  incline  shaft  was  sunk  on  the  vein  from  the  SE.  opening 
of  No.  1  to  a  depth  of  122  meters  on  the  incline.  Crosscuts  were  driven  between 
the  walls  of  the  vein  at  intervals  of  alK)ut  15  meters  down  the  shaft. 

TIjo  vein  varies  in  width  from  3  to  V^  iiieterB,  but  averages  about 
.")  meters.  Jt  is  a  (|uartz  manganese  vein  c(»iUainin^  caltite  in  doplh, 
but  honev-coml)ed  in  the  upper  levels  from  tlie  leaching  away  of  the 
cakile.  It  j)resents  a  very  marked  ribbon  or  banded  aj)pearaiiee  from 
the  layers  of  cjuartz,  iron,  and  manganese.  This  banding  is  generally 
parallel  to  the  walls,  but  in  some  places  it  is  seen  in  circular  form, 
probably  because  of  movement  in  the  fissure.  .Numerous  irregularities 
occur  in  the  dip  and  strike  of  the  walls,  ami  horses  of  wall  rock  are 
freipu'ntly  encountere<l  in  the  vein.  1'hes4»  features  are  characteristic 
of  the  district  as  a  whole. 

The  hanging  wall  of  the  vein  is  a  much  dwomposed  andesite.  The 
foot  wall  has  the  appearance  of  being  a  separate  intrusion  of  a  higlily 
mincM-alized,  light-colored,  semi-granitic  mass  filled  with  impregnated 
(|uartz,  having  a  width  of  about  20  meters  on  the  second  level.  This 
seems  to  indicate  that  the  vein  is  a  contact  deposit. 

Oxidation  has  been  carricnl  on  to  a  great^*r  depth  in  thm  district 
than  in  any  other  known  section  of  the  Islands.  The  ore  is  in  a  much 
oxidize<l  state  ev(»n  at  the  foot  of  the  shaft,  but  the  wadl  rock  is  only 
slightly  altered. 

Water  should  cause  no  trouble  in  the  mine  for  almost  one  hundred  meters 
more  in  depth.  This  presents  a  possibility  of  developing  over  one  million  tons 
of  ore  above  the  permanent  water  level. 

The  vein  is  said  to  average  14  dollars  to  the  ton,  along  the  No.  I  and  No.  2 
drifts.  J^onie  values  as  low  as  8  dollars  and  as  high  as  60  dollars  were  reported, 
showing  irregularity  in  the  distribution  of  values  in  various  parts  of  the  vein. 
However,  it  is  a  f)eculiar  fact  that  a  careful  screening  test  of  a  sample  of  ore 
sliowed  practically  equal  values  for  eight  different  screen  products.  The  ore 
<*yanides  well,  re<juiring  but  little  lime  for  alkalinity  and  showing  a  good 
extraction  of  values  with  a  moderate  consumption  of  cyanide. 

The  ore  will  all  be  taken  out  of  the  second  level  and  lowered  to  the  mill  in 
a  Seschen  two-bucket  rope  tramway  320  meters  long,  having  a  pitch  of  26**.  The 
mill  has  the  following  process: 

(1)  Grizzly  bars  and  crusher.  (2)  Ore  bins,  200-ton  c^ipacity.  (3)  Chal- 
lenge ore  feeders.  (4)  Stamp  battery,  20  stamps,  1,250  pounds  each.  (5)  Dorr 
classifier.  (6a)  Sands  to  2  tube  mills,  56  inches  by  16  feet.  (6b)  Elevator  to 
Dorr  classifier.  (6c)  Slimes  from  Dorr  classifier  to  Dorr  thickening  tank,  14 
feet  by  28  feet.  (7a)  Overflow  to  tank,  5  feet  by  6  feet.  (7b)  Triplex  pump, 
to  (7c)  battery  storage  tank,  16  feet  by  24  feet,  on  orebin  level.  (7d)  Underflow 
Dorr  thickener  to  2  air  lift  Pachuca  tanks,  40  feet  by  12  feet  diameter.  (8) 
Second  Dorr  thickener.  (8a)  Overflow  to  clarifying  boxes.  (8b)  Zinc  boxes. 
(8c)  Sump.  (8d)  Triplex  pump,  to  (8e)  strong  solution  tank,  8  feet  by  20 
feet  diameter.      (8f)   Underflow  of  Dorr  thickener  to  agitation  tank,  8  feet  by 
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20  feet.  (9)  Two  Oliver  filters.  (9a)  Solution,  to  wet  vacuum  pump,  to  (9b^ 
storage  tank.  (9c)  Centrifugal  pump  to  (9d)  Second  zinc  boxes,  (9e^  to  sump 
or  to  Oliver  filter  for  wash  solution.      (9f)    Pulp,  to  waste  dump. 

Water  is  obtained  from  14  wells  in  series  located  below  the  mill.  It  is  pumped 
to  one  high-head  storage  tank  above  the  mill  and  one  low-head  storage  tank 
on  the  second  Dorr  thickener  level. 

The  power  plant  consists  of  three  100  horsepower  boilers,  and  one  250  horse- 
power Bates-Corliss  engine  with  hemp  rope  drive. 

'ilie  location  is  very  favorable.  Wood  for  fuel  is  moderately  cheap  and  plen- 
tiful. The  mill  is  about  1  kilometer  from  the  nearest  navigable  stream,  and  only 
about  5  kilometers  from  a  good  harbor. 

THE    EASTERN   MINE. 

This  property  is  located  on  the  central  part  of  Kalakbao  Hill.  It 
contains  two  large  veins  which  strike  approximately  \.  45  W.  ami 
dip  about  70°  to  the  SW.  They  outcrop  near  the  crest  of  and  parallel 
to  the  direction  of  the  hill.  The  entire  hillside  to  the  NE.  is  covered 
with  quartz  from  the  wash  of  these  veins.  This  wash  has  been  worked 
by  natives  to  recover  the  gold  and  is  full  of  small  shafts  and  workings. 

The  veins  have  been  formed  in  fissures  in  a  much  fractured  zone 
caused  by  several  intrusions  of  igneous  rocks.  The  hanging  wall  is  a 
much  oxidized  porphyry.  j)robably  an  andesite.  while  thi^  tV.ot  wall  of 
the  smaller  vein  varies  in  different  parts,  but  probably  consists  of  dif- 
ferent phases  of  the  andesite.  The  vein  filling  is  quartz  and  calcite, 
containing  iron,  manganese,  copper,  and  gold.  Horses  of  country  rock 
are  frequently  encountered.  The  outlines  of  the  ore  bodies  are  very 
irregular  as  can  be  seen  from  the  accompanying  map  of  the  workings. 

The  smaller  of  the  two  veins  is  now  called  No,  1,  although  spoken  of  as  No. 
2  in  Mr.  Ferguson's  paper.  It  is  included  between  the  two  dotted  lines,  lying 
NK.  of  No.  2.  Its  width  is  very  irregular,  but  the  best  ore  lies  on  the  foot  wall, 
in  a  band  5  meters  wide.  The  assay  sheet  shows  an  average  of  over  14  dollars 
per  ton  for  a  distance  of  120  meters  along  the  vein.  Several  winzes  have  been 
sunk  near  the  foot  wall  and  show  good  values  for  a  depth  of  over  31  meters. 
Copper  was  encountered  in  one  of  these  winzes.  This,  coupled  with  the  fact 
that"  No.  1  vein  has  a  very  diflferent  appearance  from  No.  2,  being  more  compact 
and  solid  with  less  manganese  and  less  banding,  leads  to  the  conclusion  that  the 
two  veins  represent  two  diflferent  periods  of  fissuring  and  vein  filling.  This 
idea  is  strengthened  by  the  fact  that  the  dip  of  No.  1  in  the  bottom  of  the  winzes 
seems  to  indicate  that  the  two  veins  will  not  join  in  depth. 

No.  2  vein  is  very  large,  averaging  20  meters.  It  is  for  the  most  part 
characterized  by  banding  of  the  quartz,  iron,  manganese,  and  calcite.  In  many 
places  the  vein  is  almost  wholly  calcite,  and  in  such  places  the  values  are  usually 
poor.  The  ore  is  less  compact  than  in  No.  1,  and  contains  no  copper.  Several 
examinations  of  this  vein  have  been  made  by  engineers,  but  the  values  were  so 
irregular  that  no  definite  paying  ore  body  could  be  blocked  out. 

Fully  1,000  meters  of  drifts  and  crosscuts  have  been  driven  in  the  two  veins 
on  three  levels  as  indicated  on  the  map,  while  about  90  meters  of  winzes  and 
raises  have  been  driven.  The  first  level  is  for  the  most  part  less  than  30  meters 
below  the  outcrop,  the  second  is  23  meters  lower,  and  the  third  34  meters  below 
No.  2,  making  a  total  of  80  meters  or  more  above  the  third  level. 
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No.  1  vein  appears  to  be  remarkably  good  in  all  the  places  opened  up,  and 
above  the  second  level  alone  would  represent  a  mine  which  should  prove  very 
profitable.  It  presents  a  possibility  of  having  over  100,000  tons  of  ore  averaging 
9  to  10  dollars  per  ton. 

OTllKU    PROPERTIKS. 

The  Tengo  Mining  Company  is  developing  a  new  vein  and  repairing  the  ton- 
Htamp  mill  which  was  placed  on  the  property  sevecal  years  ago.  Mr.  P.  A. 
Schwab  is  prospecting  some  narrow  veins  which  contain  visible  gold,  an  unusual 
occurrence  in  Masbate.  The  Keystone  Mining  Company  is  prospecting  some  claims 
on  Aroroy  Mountain.  They  have  installed  air  drills,  the  first  used  in  the  Islands 
for  mining  purposes. 

Other  properties  in  the  district  are  El  Sol,  Hayes,  Nebraska  Star,  and  Gold 
Hug.     The  last  named   has  a  ten-stamp  mill  standing  idle. 


Mini  i: ai,  in  sdi  k.  i  s.    I  :•  l  ".  | 


F»I_AT-E       III. 


DEVELOPMENTS   IN  THE  BAOriO  DISTRICT. 


Bv  Wahrkn  1).  Smith. 


[(  tlie  statistics  ot  production  alone  were  to  lie  considered,  then  the 
pa>t  year  has  heen  one  of  stagnation  and  suspension  of  work,  in  this 
district,  hut  an  examination  of  tlie  properties  shows  that  it  has  heen 
one  of  recuperation  and  preparation   for  more  a<dive  operations. 

HKNOUKT    CONSOLIDATKO    COMPANY. 

riie  Benguet  (  onsolidated  Mill  ami  the  lUux  Mill  HulTerod  Hcvorely  from  a 
storm  in  October,  1909.  Tlic  latt(»r  .«<UM|H»n(h»<l  all  oporations.  but  the  former 
oontinuod  dcvoloinnent  work  and  has  consist I'ldly  ttirncd  out  over  100  ount^e** 
of  bullion  per  month  from  its  amalj^amatinp:  plates.  The  company  ib  more  than 
making  expenses  and  the  mine  has  Ikhii  kept  in  excellent  condition.  There  is  no 
ipiestion  but  that  this  company  controls  one  of  t)ic  largest  ore  l)odie.s  in  the 
Philippine   Islands. 

THE    HKA1)WATKI{S    MIN1N(»    COMPANY. 

The  Headwat«»rs  Mine,  located  on  the  head\vat<»rs  of  the  Antamok  River,  has 
recently  completed  the  installation  of  jin  all-sliining  cyanide  plant  consisting  of 
the  following: 

Hock  crusher,  ten  stamp  llendy  mill,  classitier,  llardinge  conical  mill,  Frenier 
sand  p\unj).  classifier,  slimes  thickener  tank.  2  Pachuca  tanks  for  air  agitation, 
pulp  tanks,  gold  solution  tanks,  storage  taijks,  Kidgeway  vacuum  filt4»r  with 
necessary  pumps,  zinc  boxes.  ]*elton  water  wheel,  gjisoline  driving  engine,  and 
air  compressor. 

This  mine  luis  a  fair  supply  of  ore  blocketl  out  on  a  strong  lead  whicli  Ciin  be 
traced  for  several  thousand  feet  on  the  surface  and  which  is  reported  to  average 
If)  pesos  to  the  ton.  Samples  taken  by  members  of  the  Division  of  Mines  have 
r\in  nuich  higher. 

(HIIKK    PHOPKRTJES. 

The  Major  Mining  Company  on  Major  (.'reek,  one  of  the  numerous  branches 
of  Gold  Creek  has  in  operation  a  six-stamp  llendy  mill  and  intends  shortly  to 
put  in  a  small  cyanide  plant. 

The  Comote-Clayton  property,  which  lies  east  of  the  Benguet  Consolidated, 
presents  some  very  good  free-milling  ore  and  the  three-stamp  mill  which  was 
erected  several  years  ago  is  again  being  placed  in  condition.  This  mill  is  small 
but  should  yield  a  profit  on  the  rich  ores  of  the  property. 

The  Muyot  Mining  Company  has  not  as  yet  installed  machinery.  However, 
its  mine  to-day  is  probably  among  those,  which  have  not  yet  begun  millings  the 
best  developed  property  in  the  district. 
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Mr.  J.  E.  Kelly,  at  Bua,  has  four  strong  leads  which  give  promise  of  develop- 
ing a  large  deposit  of  rich  ore. 

Mr.  H.  0.  Hibbert,  the  locator  of  the  Headwaters  property,  has  taken  over 
a  large  interest  in  the  mine  and  claims  of  Mr.  J.  P.  MacElroy  on  Emerald  Creek. 
Mr.  MacElroy,  previous  to  the  sale,  had  installed  a  three-stamp  mill  which  was 
.  made  in  Manila. 

Other  properties  are  held  by  Mr.  J.  E.  Huiskamp  in  Batwaan;  Mr.  Calvin 
Horr,  on  the  Ascension  group,  located  near  the  Kias  trail,  and  by  Mr.  Alexander 
Pau  on  the  property  north  of  the  Major  Group.  All  are  carrying  on  develop- 
ment work  and  have  uncovered  some  promising  leads. 

No  other  than  annual  awsessmcnt  work  has  })oen  done  on  the  Topside  and 
Reliance  groups.  However,  the  geologic  features  of  the  district  are  such  that 
an  extensive,  and  probably  rich,  ore  body  could  be  developed. 

The  Bonanza  group  which  lies  adjacent  to  the  Headwaters  on  the  east  has 
good  ground,  although  undeveloped. 

One  of  the  most  promising  properties  in  the  district  is  that  worked  by  Messrs. 
Probeck  and  Ebert  on  the  "Inca'*  and  associated  claims.  The  "Inca"  vein  is 
about  21  meters  wide  and  pans  remarkably  well.  A  one-stamp  mill,  for  prospect- 
ing purposes  only,  has  just  been  set  up  here. 

The  mining  men  of  this  district  are  preparing  a  petition  to  the 
government  asking  for  a  perniaiicnt  district  mine  warden.  Tlie  idea  of 
mining  wardens  came  from  the  Australian  mining  men  who  are  located 
in  the  district,  and  I  believe  that  the  more  Australian  ideas  we  adopt 
here  in  mining,  the  better  off  we  shall  be.  The  Australian  mining  law 
to-day  is  perhaps  the  best  in  the  world. 

The  division  of  mines  has  completed  its  report  on  the  ore  deposits 
of  the  district.  The  work  was  begun  in  1906  by  A.  J.  Eveland  who 
made  a  topographic  map  and  contributed  notes  on  tiie  geology  of  the 
district.  This  map  has  been  revised  and  a  fairly  complete  study  of 
all  the  properties  has  been  made.^  The  work  has  been  done  by  Mr. 
F.  T.  Eddingfield,  mining  engineer,  and  the  writer  as  geologist.  The 
following  facts  seem  to  be  fairly  well  established  in  regard  to  the  ore  de- 
posits in  the  Benguet  district: 

(1)  The  ore  deposits  are  intimately  related  to  igneous  intrusions. 
(2)  Gold  is  found  in  quartz  iissuro  veins  in  andesitic  intrusions;  (3) 
In  calcite  veins,  probably  not  fissures,  but  in  andesitic  intrusions;  (4) 
In  contact  zones  between  sedimentaries  and  andesitic  intrusions.  (5) 
Gold  was  deposited  from  ascending  waters.  (G)  The  gold  is  associated 
with  pyrite  and  in  one  locality  with  tellurium.  (7)  The  gold  veins  in 
many  cases  carry  much  manganese  oxide.  (8)  The  ores  are  only 
partly  free-milling.  (9)  There  has  been  some  secondary  enrichment. 
(10)  The  ore  deposits  are  found  in  a  region  of  great  rainfall  and 
steep  slopes.  (11)  The  zone  of  oxidation  is  shallow.  (12)  Although 
none  of  the  mines  has  gone  below  water  level,  the  indications  are  that 
many  of  the  deposits  will  become  richer  with  depth. 

*  This  map  and  paper  will  appear  shortly  in  the  Philippine  Journal  of  Science. 


MiM  i;\L  Ki.s^ 


F»l_A-rE       IV. 


The  needs  of  this  district  are  as  follows:  ^ 

(1)  Capital.  (2)  A  hydro-electric  power  plant  on  the  Agno  River 
to  run  mills  of  a  largo  capacity.  (',))  More  dovolopiucnt  work.  (4)  .\ 
mine  warden.     (5)   A  location  tax.     (i>)   Greater  publicity. 

The  labor  question  in  this  district  seems  to  be  very  favorable.  When 
the  Filipino  becomes  trained,  he  ])roves  very  satisfactory.  11ic  only 
trouble  which  arises  is  generally  through  lack  of  numbers.  The  Fili- 
pinos at  present  used  in  underground  work  are  drawn  from  the  rice 
fields  of  the  lowlands. 


paracale-mambi:lao  mIxMNG  district. 


By  Paul  R.  Fanning. 


Measured  in  leriiis  ol'  production,  {\\v  mining  industry  in  the  Paracale- 
Mambulao  district  did  not  progress  as  much  as  was  expected,  and  the  out- 
put for  1910  shows  an  actual  decrease  from  that  of  1909;  but  measured 
in  terms  of  future  probabilities,  the  district  is  to-day  in  a  more  secure 
position  than  at  any  time  in  its  liistory. 

a  old  production  hji  years  .^ 
[In   pesos   Philippine  currency.] 

1U07  11M)H  ItMMI  lUlO 

1,000  1V2.270  2 Hi,  701  171.900 

;V  decrease  of  44,801  i)esos  is  to  i)e  noted  between  the  prixhiction  of 
1909  and  that  of  1910.  However,  this  retrogression  is  merely  temporary 
and  does  not  in  any  way  mark  the  beginning  of  a  decline.  It  can  be 
attributed  to  the  non-operation  of  the  Paracale  dredge  for  six  montlis 
of  tlie  year  during  the  construction  of  a  new  pontoon. 

During  the  year  the  Stanley  dredge  contributed  to  tlie  })roduclion,  and 
tbe  riiilippine's  dredge,  San  IMrUiricio  and  Tumbaga  mines  entered  the 
field  as  producers. 

Odd  production   hi/  comixniirs   in  prsos.    /Philippine  eurrenci/   1910. 

Paracale  Gold  Dredging  Co .  ()9,855.00 

San  Mauricio  Mining  Co :M,.350.00 

Stanley   Gold   Dredginjr   Co 41,000.00 

Tumbaga   Mining   Co 9,045.00 

Heise  Dredging  Syndicate  17,050.00 

Total    171,000.00 

DREDGING. 

The  greatest  confidence  can  be  felt  in  future  i)roduction  from  dredg- 
ing, and  the  output  of  the  district  during  the  next  few  years  will 
depei]d  to  a  great  extent  upon  this  work. 

*Some  silver  is  alloyed  with  the  gold. 
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During  the  year  greater  attention  was  paid  to  the  testing  of  placer 
ground,  and  several  properties  are  now  in  a  position  to  command  capital 
for  the  purchase  of  a  dredge.  Among  these  can  be  named  the  Qumaus^ 
the  Paracale  Extension,  and  tlie  Philippine  Gold  Dredging  Company. 

THE  PARACALE  GOLD  DREOOINO  COUPANT. 

The  Paracale  dredge  operated  for  six  months  and  produced  60,855  pesos  worth 
of  buHion,  or  one-third  of  the  output  of  the  entire  district.  Early  in  January 
the  dredge  sank  in  shallow  water  owing  to  the  decay  of  the  pontoon  under 
the  attacks  of  the  teredos  which  infest  the  waters.  The  machinery  was  easily 
salved,  and  construction  of  the  new  pontoon  was  begun  at  onoe.  Hand-sawed 
native  linrdwoods  were  used  and  as  a  protection  against  the  teredos  a  lining 
of  felt  and  tar  was  placed  between  the  inside  and  outside  sheathing.  A  new 
120  horsepower  tubular  boiler,  a  00  horsepower  compound  engine  with  con- 
denser, a  12-inch  centrifugal  pump  and  a  new  digging  ladder  and  buckets  were 
installed.  Further,  the  screen  was  lengthened  5  feet  and  more  table  area  was 
added  to  make  a  better  saving  of  the  gold.  To  complete  the  improvements, 
an  electric  lighting  system  was  installed.  The  capacity  of  the  buckets  remains 
4  cubic  feet  as  formerly,  but  increased  yardage  is  obtained  by  a  bucket  speed 
of  twelve  per  minute  instead  of  nine. 

These  improvements  resulted  in  splendid  yields  of  bullion,  and  from  July 
to  January  the  average  production  was  close  to  10,800  pesos  per  month.  This 
dredge  still  has  a  large  acreage  of  rich  ground  and  its  future  yearly  production 
should  well  exceed  that  of  the  past. 

During  the  latter  part  of  the  year  a  mill  was  being  constructed  for  the 
treatment  of  the  rich  quartz  l)oulder8  brought  up  by  the  dredge.  A  Huntington 
mill  and  VVilfley  table  will  be  used,  and  as  there  are  several  thousand  tons 
of  bouldor.H  on  the  dump,  a  Hplendid  yield  should  be  obtained.* 

THE    STANLEY    GOLD    DREDGINQ    COMPANY. 

The  Stanley  dredge  operated  very  irregularly  during  the  ytar  and  produced 
41,000  pesos  worth  of  bullion.  This  is  a  very  creditable  showing  for  the  ground, 
as  the  machinery  is  not  only  in  bad  shape,  but  the  design  of  the  dredge,  lacking 
as  it  does  a  revolving  screen  and  sufficient  gold  saving  devices,  renders  it  in- 
capable of  making  a  close  saving  of  the  gold. 

THE    PHILIPPINE    GOLD    DREDGING    COMPANY. 

The  Philippine^s  dredge  had  proved  itself  too  weak  to  handle  the  daeper 
material  and  during  1910  operated  on  its  own  ground  for  only  a  few  hours. 
Early  in  the  year  the  dredge  was  leased  to  the  Heise  Dredging  Syndicate  and 
later  moved  to  the  Malaguit  River.  The  owners  of  this  dredge  are  now  in  a 
fair  way  to  receive  a  large  return  for  their  money,  and  it  is  quite  probable 
that  a  new  dredge  will  be  bought,  so  constructed  as  to  handle  their  own  ground 
which  is  said  to  be  of  good  value. 

THE   HEISE   DREDGING    SYNDICATE. 

This  Syndicate  secured  a  lease  on  the  Philippine's  dredge  and  in  August 
it  began  work  on  the  Malaguit  River.  Various  difficulties  resulted  in  small 
returns  for  the   first  few  months'  work.     The  pay-channel  was  reached  toward 


*This  mill  is  now  reported  to  be  saving  20  pesos  per  ton  by  amalgamation 
alone. 
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the  middle   of   December,   and    in   the    period    from    December    15    to   January    1 
excellent  cleanups  were  obtained.* 

THE    PARACALE   EXTENSION    GOLD    DREDGING    COMPANY. 

The  Paracale  Extension  Gold  Dredging  Company  came  to  grief  through  the 
inability  to  secure  sufficient  capital  for  the  purchase  of  a  dredge.  It  is  under- 
stood that  the  ground  has  now  reverted  to  the  original  owners,  and  it  is  ex- 
pected that  the  money  invested  for  stock  will  be  returned.  It  is  unfortunate 
that  this  enterprise  was  not  successful  as  the  tests  made  of  the  ground  were 
stated  to  be  exceptionally  good  and  were  said  to  average  1.05  pesos  per  cubic 
yard.  The  acreage  and  the  ease  with  which  this  ground  can  be  worked  indicate 
that  it  will  not  be  idle  long. 

THE  PHILIPPINE   EXPLORATION    COMPANY. 

The  Philippine  Exploration  Company  has  an  option  on  the  Gumaus  prop- 
erty which  by  double  tests  has  been  proved  of  exceptional  merit.  It  is  stated 
that  out  of  a  total  dregeable  area  of  about  75  hectares,  20  hectares  contain 
such  value  that  2,490,532  pesos  net  can  be  gained.  The  ground  averages 
about  ^1.04  per  cubic  yard  with  a  depth  varying  from  8  to  20  meters.  Capital 
is  now  being  srnurod  for  the  immediate  purchase  of  a  dredge." 

OTHER  PROPERTIES. 

Tests  have  been  shown  that  many  of  the  smaller  properties  are  of  sufficient 
value  to  warrant  dredging.  It  is  probable  that  their  future  to  a  great  extent 
will  depend  upon  consolidation  with  the  larger  interests.  Several  movements 
have  begun  already,  but  as  yet  no  definite  action  has  taken  place.*  During  the 
year  the  Paracale  Consolidated  Placer  and  Mining  Company  was  formed  and 
some  testing  of  their  properties  was  carried  on,  but  as  yet  no  steps  have  been 
taken  for  the  purchase  of  a  dredge. 

QUARTZ   MINING. 
THE    SAN    MAURICIO    GOLD    MINING    COMPANY. 

The  San  Mauricio  Company  operated  its  mill  for  some  one  hundred  and 
eighty  days  at  various  times  throughout  the  year  and  won  some  34,350  pesos 
worth  of  bullion  and  concentrates.  Extensive  development  work  was  carried 
on  and  a  large  body  of  ore  was  blocked  out  between  the  first  and  second  levels. 
The  operation  of  the  mill  exhausted  the  majority  of  the  ore  above  the  first 
level,  but  very  little  of  the  other  ore  was  attacked.  The  irregular  operation 
of  the  mill  was  due  to  machinery  troubles,  to  insufficient  water  for  mill  purposes 
during  the  dry  season,  to  an  overabundance  of  water  in  the  mine  during  the 
wet  season,  and  to  the  inability  to  secure  sufficient  fuel.  These  difficulties  could 
easily  be  remedied.  In  December  the  mine  was  indefinitely  shut  down,  owing 
to  the  inability  to  secure  capital  to  carry  on  operations,  the  inability  of  the 
mill  to  make  better  than  a  40  per  cent  saving  and  various  other  complications. 


^This  dredge  has  averaged  close  to  7,200  pesos  per  month  during  the  period 
from  January  to  May,  1911. 

'  Construction  of  the  dredge  is  now  under  way. 

*  Consolidation  has  just  been  efi*ected  between  the  Paracale  Gold  Dredging  Co., 
the  Philippine  Gold  Dredging  Co.,  and  various  other  properties  on  the  Paracale 
Rivers.  '. 
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THE   XrMBAUA    IJOLO    MINING    COMFANT. 

The  Tunibaga  mine  continued  its  slmft  to  the  200foot  level  and  cross-cut 
to  meet  the  vein.  It  is  understood  that  the  vein  was  not  met,  and  as  indicated 
by  the  winzes  from  the  first  level,  the  probability  is  that  the  stringers  have 
pinched  or  faulted.  However,  in  the  upper  workings  a  pocket  of  extraordinary 
ore  was  discovered  which  by  smelter  returns  gave  9,045  pesos  on  a  shipment 
of  2.5  tons.* 

THK    NAV0TA8   (3KOUP. 

The  Navotas  property  c^nie  into  prominence  by  the  discovery  of  some  rich 
surface  specimens  containing  visible  gold.  Capital  was  secured  and  a  hoisting 
plant  was  installed.  A  shaft  was  sunk  30  meters  and  a  cross-cut  run  to  meet 
the  vein,  but  as  the  mine  is  now  indefinitely  shut  down,  it  is  probable  that 
the  vein  met  did  not  come  up  to  expectations. 

OTHER   PROPERTIES. 

A  considerable  amount  of  prospecting  was  done  on  various  properties  in 
the  district,  but  the  ore  opened  up  was  of  medium  or  low  grade  value  which 
would  require  for  its  development  sums  of  money  quite  beyond  the  means  of 
the  prospector. 

In  view  of  the  series  of  failures  wliicli  has  beset  tlio  mining  industry 
in  this  district  fince  the  earliest  S})anish  days,  it  uiay  bo  advisable  hero 
to  consider  the  salient  features  of  the  geology,  ore-deposits,  and  metal- 
lurgy, with  the  aim  of  indicating  the  future  lines  of  development 

GEOLOGY. 

The  main  formations  are:  a  diorite  schist,  a  granite-gneiss,  and  sedi- 
mentaries. 

The  diorite  schiwst  is  found  bordering  the  granite-gneiss  practically  in 
all  directions  and  represents  the  old  land  mass  into  which  the  granito 
was  intruded  and  later  around  which  the  sedimentaries  were  deposited. 
In  composition  the  schist  is  quite  variable.-  The  age  of  the  formation 
is  probably  Pre-Tertiary. 

The  granite-gneiss  is  developed  in  semi-elliptical  shape  from  Mam- 
bulao  to  Paraeale  and  appears  to  be  of  batholithic  nature.  The  in- 
trusion of  the  granite  produced  a  profound  metamorphism  of  the  diorite 
which  at  the  contacts  is  much  broken  up,  sheared  and  saturated  with 
granite  constituents.  During  the  cooling  of  the  granite,  large  silicious 
lenses  were  formed  which,  however,  are  not  gold-bearing.  The  ago  of 
the  formation  is  probably  Pre-Tertiary  or  early  Tertiary. 

The  sedimentaries  are  found  southward  from  Mambulao;  they  strike 
about  N.  10°  W.  and  dip  about  70°  to  the  southwest.     Slate,  sandstone, 


*  At  this  date  the  mine  has  indefinitely  shut  down. 

Mddings,    Joseph    P.,    Philip.    Jour.    Set.,    Sec.    A     (1910),    5,    155;    Smith, 
Warren  D.,  Min.  Resources  P.  I.     Bur.  Sci.  Div.   Min.    (1910). 


2-> 

and  conglomerate  are  present,  and  all  hear  evidence  of  extensive  nieta- 
morphism.     The  age  of  the  formation  is  prohahly  Miocene. 

Toward  tlie  end  of  the  Tertiarv  an  orogenic  movement  took  place 
which  uplifted  the  region,  sheared  the  dioiite  to  a  schist,  sheared  the 
granite  to  a  gneiss  and  acutely  fohk'd  and  metamorphosed  the  sedi- 
mentaries.  Contemporaneous  with  or  just  suhscquent  to  this  move- 
ment, ]>asalt  and  andesite  were  intruded  in  the  rocks  and  as  a  later 
phase,  vein  orc-du])osits  were  foi*med.  Extensive  erosion  has  exposed 
the  granite-gneiss,  and  the  gold  from  the  veins  has  concentrated  in 
the  alluvial  gravels.  A  recent  suhsitlence  has  taken  place,  and  the 
auriferous  gravels  are  now  slightly  ))uried. 

I-  a )  NO M I C    G  i:0  LOG  Y . 

I'AST    HISTOKY. 

The  history  of  this  district  is  marked  hy  the  rise,  cuhniiiiition,  and  decline 
of  several  periods  of  activity.  Previous  to  the  Spanish  occupation  in  the  16th 
century  the  main  source  of  tlie  production  was  from  the  rich,  shallow  placers 
where  the  gold  could  easily  be  saved  by  pannin*^.  With  the  discovery  of  gold 
by  Don  Juan  Salcedo  in  1572  more  attention  was  given  to  the  lodes  which 
on  the  surface  possessed  some  remarkably  rich  values.  The  first  method  of 
extraction  was  by  fine-grinding  the  ore  on  stones  and  j)anning  the  liberated  gold. 
I^ater,  the  introduction  of  the  arrastre  greatly  increased  the  scope  of  operations, 
and  it  is  probable  that  the  annual  pro<luction  reported  in  1009  of  400,000 
pesos  was  almost  wholly  due  to  this  newer  method  of  treatment.  l>uring  this 
period  the  region  must  have  been  the  scene  of  the  greatest  activity,  as  witnessed 
to-day  by  the  great  number  of  open  cuts  and  shafts  on  the  outcrops  of  the 
veins  and  tunnels  run  at  shallow  depths  below. 

With  a  depth  of  10  to  12  meters,  the  soft,  oxidized  ore  changed  to  a  hard, 
sulphide  ore,  which  being  only  slightly  free-milling  soon  stopped  operations. 
Further,  inability  to  handle  water  caused  shut-downs  even  when  pay  ore  was 
still  exposed  at  the  lM)ttom.  The  })eriod  <^f  driving  tiuinels  to  drain  the  ground 
then  l)egan,  but  in  the  majority  of  cases  these  tunnels  gave  only  a  very 
few  feet  more  depth.  The  diflicuUy  of  running  in  hard  country  rock  without 
explosives  or  steel,  and  the  further  difliculty  of  a  hard,  refractory  ore,  resulted 
in  small  production  subsequent  to  the  period  of  tunnel  development.  The 
district  deelined  until  in  1870  the  production  was  only  some  7,200  pesos  per 
year.  However,  the  knowledge  of  the  existence  of  rich  ores  attracted  the  atten- 
tion of  persons  outside  Ihe  Islands,  and  in  1893  the  Philippine  Mineral  Syndicate 
was  formed  in  London  for  the  purpose  of  opening  up  the  district  and  installing 
more  modern  methods  of  ore  treatment.  However,  the  methods  in  vogu?  at 
that  time  were  such  as  to  preclude  the  possibility  of  economic  saving,  and 
after  the  spending  of  a  considerable  amount  of  money  in  the  surface  develop- 
nient  of  the  ores  and  in  the  construction  of  mills  predestined  to  failure,  the 
company  was  forced  to  withdraw. 

The  occupation  of  the  Islands  by  the  Americans  in  1898  inaugurated  the 
present  and  fourth  period  of  activity,  which  by  virtue  of  the  placers  is  ob- 
viously destined  to  succeed.  The  (piartz  mining  can  not  yet  be  said  to  have 
come  into  its  own,  but  the  potential  possibilities  are  to-day  greater  than 
ever  before. 
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THE  0RC8. 

The  gold-silver  ores  are  of  the  usual  quartz  type  containing  pyrite 
as  the  chief  sulphide.  Some  copper  is  generally  present.  Quite  fre- 
quently galena,  sphalerite,  chalcopyrite,  pyrrhotite,  magnetite,  and  the 
various  oxidized  derivatives  are  seen.  Lead  chroniate  occasionally  oc- 
curs at  the  San  Mauricio  mine,  and  native  copper  has  been  reporte<l 
from  some  veins  near  Paraeale.  Manganese  and  arsenic  are  infrequent, 
and  tcllurides  have  been  reported  from  the  Tumbaga  only.  The  quartz  is 
generally  hard  and  massive,  but  witli  oxidation  a  cellular  structure 
is  developed  due  to  the  leaching  out  of  the  sulphides.  The  gold  occurs 
to  some  extent  free,  especially  in  the  oxidized  ore,  but  in  general  it  is 
in  the  sulphides.  The  original  association  with  galena  is  frequently 
very  marked,  and  the  secondary  association  with  secondary  copper  is 
quite  general.  At  the  Tumbaga  mine  some  primary  gold  occurs  not 
only  in  the  sulphides,  particularly  galena,  but  also  visibly  in  the  ealcite 
and  (juarlz.  The  (juartz  boulders  brought  up  by  the  Paraeale  dredge 
often  contain  ]>rimary  visible  gold  disseminated  in  the  interstices  be- 
tween the  (jiiartz  crystals.  Silver  is  inconspicuous,  although  at  the 
San  Mauricio  a  pocket  of  To-ounce  silver-galena  ore  was  discovered  on 
the  second  level.  The  silver  as  a  rule  seems  to  bear  some  ratio  to  the 
gold,  for  large  gold  assays  generally  give  a  better  silver  value. 

I'lie  average  ore  for  the  district  is  very  low  grade  but  the  immense 
amount  of  such  ore  is  a  noteworthy  feature.  A  great  variation  in  values 
is  found  even  with  close  sampling.  Horizontally  and  vertically  tlie 
veins  show  great  assay  changes,  and  the  utmost  care  must  be  used  in  ap- 
proximating an  average  value.  Rich  surface  ores  are  of  not  infrequent 
occurrence,  and  visible  gold  occasionally  is  present. 

The  veins  generally  fdl  well-defmed  fissures  which  strike  about  N. 
10°  E.  and  show,  in  the  granite-gneiss,  a  remarkable  parallelism.  The 
dip  is  generally  about  70°  to  the  southeast,  although  occasionally  some 
wide  variations  occur.  Veins  are  found  up  to  a  width  of  10  meters 
but  the  average  is  less  than  1.5  meters.  Many  veins  are  broken  up, 
and  branch  out  near  the  surface,  but  with  depth  are  better  defined. 
The  walls  are  generally  clean  cut,  but  occasionally  silicification  of  the 
country  rock  is  noted.  Pyrite  is  often  (lisseminatcHJ  outward  from 
the  vein,  but  usually  carries  exceedingly  low  values. 

The  influence  of  the  country  rock  is  very  marked.  Under  the  forces 
which  produced  the  fissures,  the  schist  broke  very  irregularly  as  if 
shattered,  while  the  granite-gneiss  broke  in  well  defined  fissures.  In 
pa,«sing  upward  from  the  gneiss  to  overlying  schist  the  fissure  toward 
the  contact  begins  to  split  into  branches  which  in  passing  through 
the  schist  often   may  fold  over  or  disappear  as  stringers.     Generally 
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where  a  vein  passes  horizontally  into  the  Bchist  it  will  thin  out  soon 
into  a  stringer  and  disappear. 

True  contact  veins  between  the  schist  and  granite-gneiss  are  either 
absent  or  very  rare.  This  is  obvious,  as  the  veins  generally  are  fairly 
vertical,  while  the  true  contact  between  the  gneiss  and  ?chist  as  shown 
in  the  San  Mauricio  Mine  is  moderately  horizontal. 

Secondary  enrichment  plays  a  most  important  part  in  the  economics 
of  the  ore.  Most  of  the  ore  as  originally  deposited  was  (piito  low  grade, 
and  where  it  is  exposed,  either  on  the  outcrop  or  in  depth,  the  values 
generally  are  fo  small  as  to  preclude  the  possibility  of  mining.  Under 
the  action  of  descending  su[)erficial  waters,  the  gold  and  copper  out  of  the 
portions  of  the  vein  now  eroded  away  have  been  carried  downward  to  en- 
rich the  ore  below.  The  channels  of  these  waters  generally  were  the  foot 
or  hanging  wall  and  are  characterized  by  oxidized  ore  heavily  stained  with 
iron,  by  clay  gauge  in  which  secondary  pyrite  often  occurs,  by  co[)per  min- 
erals, and  by  gold  values  in  excess  of  tlie  (juartz  wliicli  lies  more  toward 
the  center  of  the  vein.  The  lower  limit  of  the  enrichment  along  the 
walls  is  in  the  main  close  to  the  ground-water  level,  yet  some  gold  enrich- 
ment was  noted  at  the  San  Mauricio,  25  meters  below  tliis  level.  In 
general,  the  copper  and  gold  increase  to  the  ground-water  level;  but  be- 
low this  level  the  copper  rapidly  decreases  to  mere  traces  and  the  gold 
also  shows  a  marked  tendency  to  decrease. 

GENESIS. 

The  uplift  of  the  region  was  accompanied  by  the  intrusion  of  basalt 
and  andesite.  By  continued  stress,  fissures  were  formed  which  often 
followed  the  dikes  as  special  lines  of  weakness.  Hot,  mineral-bearing 
solutions  from  below  probably  genetically  related  to  the  intrusions,  then 
filled  the  fissures  and  precipitated  their  burden  to  the  formation  of  ore 
bodies.  Subsequently,  secondary  enrichment  has  increased  the  values 
and  given  shoots  of  more  profitable  ore. 

TBEATMENT  OF  THE  ORES. 

The  10-stamp  Longos  Point  mill  relied  upon  amalgamation  alone  to 
save  the  values.  The  ore  was  refractory  and  probably  less  than  a  20  per 
cent  saving  was  made.  The  20-stamp  San  Mauricio  mill  used  amalgama- 
tion and  concentration  on  Traylor  tables,  but  the  extraction  was  seldom 
above  40  per  cent.  The  Tumbaga  ore  was  unique  in  its  free-milling 
quality,  and  the  Huntington  mill  and  vanners  would  probably  have  made 
a  good  saving.  The  quartz  boulders  brought  up  by  the  Paracale  dredge 
are  fairly  well  adapted  to  amalgamation  and  concentration,  so  that  the 
mill  installed  (a  Huntington  mill  and  Wilfley  table)  will  probably  make 
a  good  saving. 


Because  of  the  lack  of  developed  ores,  it  is  as  yet  impossible  to  state 
definitely  what  treatment  will  pve  the  best  results.  Owing  to  the  nature 
of  the  ore,  its  variations  in  value  and  in  mineralogy,  each  mine  must 
make  elaborate  tests  to  determine  the  process  wliich  it  will  ado})t. 

Most  of  the  ores  of  the  district  are  of  too  small  value  to  permit  shipping 
to  smelters.  Further,  the  indications  are  that  the  ores  generally  are  refrac- 
tory to  amalgamation  and  concentration.  Many  of  the  surface  ores  con- 
tain so  much  copper  as  to  prevent  successful  cyaniding.  The  probabi- 
lity is  that  with  depth  many  such  ores  will  possess  little  or  no  copper 
and  so  will  become  ada{>ted  to  cyanide  treatment.  Tests  made  by  the 
writer  indicate  that  fine  grinding,  possibly  combined  with  slime  concen- 
tration, and  air-agitation  in  cyanide  solution  will  give  an  excellent  ex- 
traction. 

MINING   CONDITIONS. 

In  general  the  mining  conditions  arc  fairly  good,  although  special  pre- 
cautions must  be  taken  to  insure  a  (constant  supply  of  fuel;  to  have  ade- 
quate pumps  for  the  extra  mine-water  during  the  rainy  season  ;  to  measure 
streams  during  the  dry  season  for  sulTicicnt  water  for  mill  purposes;  and 
to  attract  native  labor  by  proper  treatment. 

FUTURE    DEVELOPMENT. 

The  irregular  nature  of  the  ore  requires  extensive  development  before 
a  process  of  treatment  can  fully  be  determined.  In  particular  it  is  essen- 
tial that  the  ores  should  be  developed  well  below  the  ground-water  level, 
which  in  many  cases  means  below  sea  level.  Tunnels  as  a  rule  give  very 
shallow  depths  in  comparison  with  their  length,  so  shaft  work  generally 
will  be  necessary. 


THE   NALASVETAN,  AMHOS   CAMARINKS,   GOLD    DISTIMl  T. 


By  Wallace  E.  Pratt. 


Location. — Nalasvetan,  a  barrio  of  Labo,  Ambos  Camarines,  is  sit- 
uated on  a  branch  of  the  Bosigon  River  (also  called  the  Labo  River)  and 
is  about  21  kilometers  in  an  air  line  southwest  of  ^fanibulao.  It  can  be 
reached  from  Mambulao  by  means  of  a  very  poor  trail. 

History, — Nalasvetan  was  the  site  of  a  considerable  amount  of  early 
mining.  The  ruins  of  the  few  underground  workings  in  this  place, 
perhaps,  are  more  extensive  than  any  others  in  the  Camarines  gold  field. 
There  is  no  record  of  extensive  Spanish  mining  at  Nalasvetan,  and  the 
caved  excavations  have  been  attributed  to  Chinese  miners  working  at  a 
time  earlier  than  the  Spanish  occupation.  Xo  direct  evidence  su])ports 
this  supposition. 

Geologic. — The  district  lies  at  the  center  of  the  great  area  of  extrusive 
and  intrusive  rocks  which  form  the  cordillera  in  this  portion  of  Luzon. 
The  prevailing  type  is  porphyritic  andesite,  black  in  color  grading  into 
basalt  and  occurring  generally  as  volcanic  agglomerate  or  breccia.  In  the 
streams,  boulders  of  diorite  are  not  unusual,  showing  that  the  older, 
coarsely  crystalline  rocks,  with  which  gold  is  commonly  associated  in  the 
Philippines,  occur  here  also,  but  no  exposure  in  place  could  be  found  in 
the  immediate  vicinity.  Isolated  ])atches  of  metamorphosed  sedimentary 
(Tertiary?)  rocks  were  observed  also  at  several  places  along  the  trail  from 
Mambulao  to  Nalasvetan.  Evidently,  before  the  advent  of  the  volcanics, 
this  was  an  area  of  older  crystalline  rocks,  at  least  partly  covered  with 
sedimentaries. 

Ore  body. — The  gold-bearing  deposit  at  Nalasvetan  can  scarcely  be 
termed  a  vein  in  the  strict  sense  of  that  term.  Mineralization,  which  has 
been  accompanied  by  intense  silicification,  has  occurred  along  the  axis 
of  a  narrow  ridge  bearing  N.  30°  W.  The  original  rocks  of  this  ridge 
appear  to  have  been  andesite,  but  almost  complete  replacement  by  sili- 
ca has  resulted  in  a  medium-hard,  iron-stained,  siliceous  felsite,  grad- 
ing into  quartz  and  jasper.  The  gold  bearing  formation  is  not  clearly 
defined  and  the  values  (entirely  free  gold  apparently)  are  irregularly 
distributed.  As  developed  by  the  old  workings  already  mentioned, 
the  ore  body  is  several  hundred  meters  long  and  varies  in  width  up  to 
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15  metere.  Irregular  pockets  of  iron-stained,  clayey  material,  in  which 
free  gold  is  often  visible  occur  tlmnighout  this  zone.  The  felsite  and 
some  of  the  quartz  are  also  gold-bearing.  The  ore  is  completely  oxi- 
dized and  shows  coloring  from  the  oxides  of  manganese  as  well  as  iron. 
Development. — The  old  workings  at  Nalasvetan  form  an  open  cut 
about  500  meters  long  and  from  5  to  15  meters  in  width.  The  depth 
varies,  averaging,  ])erhaps,  only  5  meters,  the  original  cut  having  been 
largely  filled  with  debris,  but  occasional  irregular  shafts  or  **gopher 
lioles"  go  down  to  greater  depths. 

Recent  development  consists  of  four  Hhort  tunnelH  approaching  the  ore  at 
different  elevations,  only  one  of  which  reaches  the  mineralized  zone.  This 
work  has  been  done  by  the  Nalasvetan  States  Mining  Comj)nny,  the  claims  of 
which  cover  the  whole  ore  body.  This  company  has  leased  the  property  to 
Mr.  Boag,  one  of  the  partners,  and  at  present  a  3.5-foot  Huntington  mill  Is 
being  installed.  The  Neal  tunnel  which  cuts  the  ore  body  will  be  extended 
into  the  ore,  the  material  t»iken  out  will  be  crushed,  and  the  values  saved  by 
amalgamation.  This  plan  should  r«»Hult  in  further  preliminary  development 
without  cost  to  the  company. 

Nalasvetan  has  available  water  power  and  abundant  timber  for  min- 
ing purposes,  or  for  fuel  if  desired.  The  elevation  (something  over 
300  meters),  and  the  deeply  inciswl  drainage  system  permit  of  mining 
the  ore  from  adits  above  the  mean  level  of  ground  waiter.  The^^(»  con- 
ditions eliminate  ex])ensive  mine  pumping  and  hoisting.  The  ore  is 
a])])areni]y  entirely  free-milling,  making  extraction  cheap  and  simple. 
On  the  other  hand,  the;  district  is  difficult  of  access,  since  the  nearest 
])ort  where  boats  touch  at  present  is  Mamhulao  and  outside  communica- 
tion is  a   very  serious  ])rol)lem. 


NOTES  ON  THE  MINERAL  RESOURCES  OF  CATANDUANES 

ISLAND. 


By  Wallace  E.  Pratt. 


LOCATION. 


Catanduanes  Island,  a  subprovince  of  Albay,  lies  off  the  east  coast 
of  south-eastern  Luzon.  It  is  separated  by  narrow  straits  from  Cara- 
muan  Peninsula,  Ambos  Camarines,  and  is  three  days  distant  from 
Manila  by  steamer. 

There  has  been  no  mining  and  very  little  prospecting  in  Catandua- 
nes since  American  occupation,  and  little  is  known  of  its  resources. 
Spaniards  indulged  in  desultory  mining  for  gold  and  coal  at  several 
places,  late  in  the  Spanish  regime. 

GEOLOGY. 

GerieraL— Geologically,  Catanduanes  is  closely  related  to  Caranuian 
Peninsula,  an  area  of  Tertiary  sedimentaries  more  or  less  disturbed 
and  metamorphosed  and  lying  on  the  flanks  of  a  probably  intrusive  Cor- 
dillera. Recent  coralline  limestone  covers  the  earlier  formations 
around  a  considerable  part  of  the  coast  of  Catanduanes.  The  moun- 
tain range  trends  in  general  north  and  south,  with  a  spur  to  the  north- 
east. The  highest  elevations  (about  900  meters)  are  in  the  southern 
part  of  the  range.  The  prevailing  rocks  in  the  cordillera  seem  to  be 
andesites  and  related  porphyritic  type.  The  location  of  the  sedimen- 
taries in  Catanduanes  is  known  only  as  it  is  inferred  from  the  reported 
occurrence  of  coal. 

Economic. — The  principal  economic  mineral  deposits  occurring  in 
Catanduanes  are  gold  and  coal.  Copper  has  been  reported,  but  its 
existence  has  not  been  verified. 

Gold. — Gold  is  known  to  occur  in  placer  deposits  along  the  Pajo 
River  which  reaches  the  coast  at  the  extreme  southern  end  of  the  island, 
and  along  the  Oco,  and  other  smaller  rivers  in  northeastern  Catandua- 
nes. The  rivers  in  both  these  districts  rise  in  the  cordillera,  whence 
undoubtedly  all  the  gold  came  originally.  No  lode  deposits  are  known. 
The  northeastern  part  of  Catanduanes  has  not  been  studied  by  the  di- 
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vision  of  mines  of  the  Bureau  of  Science,  but  some  information  has 
been  obtained  concerning  the  Pajo  River  placers. 

The  Pajo  River,  emerging  from  its  canon  in  the  mountains,  flows 
across  a  narrow  coastal  plain  of  rai8e<l  coral  reefs,  and  enters  the  sea 
near  the  town  of  Virac.  Over  these  coral  reefs,  it  has  spread  an  allu- 
vial fan  of  igneous  gravel  brought  from  the  mountains.  The  gradual 
elevation  of  the  reefa  probably  continues  at  the  present  time  and  during 
the  process,  the  older,  higher  portion  of  this  gravel  deposit  has  been 
moved  down  again  into  the  river  cluinnel  by  the  lateral  drainage,  and 
transported  farther  toward  the  sea,  leaving  the  older  coral  reefs  practi- 
cally bare.  However,  the  gold  (or  at  least  a  part  of  the  gold)  which  came 
down  from  the  mountains  with  the  gravel,  owing  to  its  great  specific 
gravity,  has  been  left  behind  during  the  working  over  of  the  gravel,  and 
is  now  found  in  the  shallow  clay  covering  the  coral  reefs.  The  clay 
covering  results  from  the  weathering  of  the  coral  itself  and  is  nowhere 
more  than  2  meters  deep.  It  is  a  stiff,  plastic  clay  and  holds  the  gold 
tenaciously.  This  rather  unusual  condition  of  gold  occurring  in  coral, 
has  led  prospectors  to  request  assays  of  coralline  limestone  for  gold 
values. 

The  gold  occurs  in  rather  coarse,  smooth  flakes,  always  flat  and  well 
worn.  There  is  no  question  of  its  having  been  transported  some  distance 
by  water.  Owing  to  the  scanty  clay  covering  on  the  limestone  reefs, 
the  gold  is  very  conspicuous.  After  rains  the  natives  pan  over  the  ri- 
vulets which  cross  the  ground,  sometimes  winning  as  much  as  a  peso 
in  a  day's  work.  However,  test  holes  over  a  considerable  area  indicate 
that  the  reefs  are  not  rich.  1'liey  appear  in  places  to  be  rich  because 
specks  of  gold  may  be  seen  on  the  surface  of  the  ground.  In  reality, 
the  few  specks  that  are  visible  constitute  all  the  gold  occurring  in  that 
area;  consequently  the  value  per  cubic  meter  is  low. 

The  occurrence  of  gold  over  the  raised  portions  of  the  river  valley 
suggests  a  probability  of  finding  values  in  the  present  river  channel. 
Of  course  it  must  be  recognized  that  old  river  courses  in  alluvial  gold 
deposits  are  richer  as  a  rule  than  recent  channels.  However,  in  the  pres- 
ent instance,  it  is  evident  that  the  change  in  position  of  the  river 
channel  has  been  due  to  a  gradual  and  apparently  continuous  lateral 
shifting,  caused  by  the  elevation  of  the  land  area.  Every  vestige  of  the 
gravel  wash  which  must  have  covered  the  raised  ground  has  been  removed, 
leaving  the  coral  quite  bare.  Probably  some  of  the  gold  originally 
deposited  over  the  old  water  courses  was  taken  away  along  with  the 
gravel  to  the  present  channel.  It  is  known  that  the  coral  reef  deposits 
are  richer  as  the  river  which  crosses  them  is  approached.  Owing  to  the 
coarse  gravel  and  boulders  which  fill  the  river  channel  it  is  almost  im- 
possible to  reach  the  underlying  limestone  with  the  usual  type  of  test- 
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ing  device.  To  obtain  reliable  tests,  it  would  be  necessary  to  put  down 
small  shafts  to  bed  rock,  an  undertaking  which  in  turn  would  involve 
a  considerable  anipunt  of  pumping.  The  surface  gravel  in  the  river  shows 
smaller  values  than  the  adjacent  coral  reefs,  but  considering  the  coarse, 
clean  character  of  the  gravel,  valuers  would  not  be  expected  except  just 
above  bed  rock. 

The  I'ajo  River  is  accessible,  is  large  enough  to  float  a  small  dredge, 
and  in  view  of  the  foregoing  observations  seems  to  merit  thorough  test- 
ing for  placer  ground. 

^riie  Spaniards  are  said  to  have  mined  gold  in  the  foot-hills  near 
where  the  Pajo  Kiver  comes  out  of  the  mountains.  Tlie  place  was 
visited,  but  only  a  caved  shaft  remains  of  the  workings.  Hic  country 
rock  is  basalt,  unmineialized,  and  carrying  only  small  stringers  of  barren 
quartz. 

Coal. — Coal  occurs  on  the  western  coast  of  Catanduanes,  and  it  is 
stated  that  formerly  ships  passing  through  the  Maqueda  Straits  took 
on  coal  which  the  natives  mined  and  brought  down  to  the  shore,  i^e- 
cently  two  Japanese,  leaving  the  East  Bat  an  Coal  Companv,  came  to 
(^atanduanes,  and  started  mining  on  their  own  account  near  the  coast, 
south  of  ('aramoran. 

Coal  is  reported  also  from  Bato  on  the  southern  coast.  Nothing 
is  known  of  the  position  or  thickness  of  the  beds  nor  the  quality  of 
tlu*  coal  as  compared  with  otlier  rhili)>})ine  coals. 


MINERAL   HKSOriU'KS  OF  NORTllWKSTKUN    I^ANGASINAN, 

LrZON.^ 


Hv  Pai'l  R.  Fanning. 


A  geological  roconnHiss^nK-c  has  ira^itly  Ihh'IJ  luaJc  of  north westoru 
Pangasinan,  Luzon.  I'lio  arwi  covered  comprises  about  750  s(junre 
kilometers  and  tlie  essential  features  of  the  geology  were  determined  espe- 
cially with  reference  to  the  occurrence  of  metallic  ore-deposits,  coal,  and 
oil.  ^ 

Some  recent  prospecting  has  been  carried  on,  hut  tiiere  is  no  evidence 
of  old,  native  workings,  a  feature  which  in  the  Philippines  generally 
means  the  absence  of  valuable  ore-deposits.  The  reported  ocurrence 
of  gold,  silver,  copper,  zinc,  lead,  antimony,  and  nuinganes(»  has  been 
continued,  but  it  seems  that  the  dej)osits  are  of  no  commercial  value. 
Auriferous  j)laeers  of  value  appear  to  b(»  absent.  The  reported  exist- 
ence of  tin,  nu'rcury,  cobalt,  and  nickel  has  not  ben  confirmed, 
although  future*  work  nuiy  yvi  prove  their  piesencc.  Positive  evidence 
of  coal  or  oil  was  not  seen,  although  the  sedimentary  formation  is 
such  as  to  permit  of  the  occurrence  of  either.  The  general  conclusions 
are  that  the  surface  indications  are  adverse  to  the  occurrence  of  econo- 
mic deposits  of  the  valuabh*  metals,  j)ut  that  there  is  a  possibility  of 
oil,  even  though  the  evidence  as  to  its  existence  was  completely  negative. 

The  sedimentaries  consist  mainly  of  limestone  with  some  sandstone 
and  shale.  The  general  stnicture  is  gently  moncx-linal,  and  no  evi- 
dence of  shattering  or  e\t^Misiv(»  faulting  wji^  seen.  The  area  which 
appears  to  be  best  adapted  to  the  accumulation  of  oil  extends  from 
Anda  on  the  north  to  Balincaguin  on  the  south,  and  from  went  of  Hani 
to  Alaminos  on  the  east.  Much  of  this  land  is  open  to  plac^er-oil  loca- 
tion, and  the  ground  owned  by  natives  can  be  leai^ed  for  small  sums  of 
money.  Artesian  wells  are  soon  to  be  sunk  at  Anda,  Hani,  and  Ala- 
minos, which  will  possibly  prove  the?  existence  of  oil. 


*  A   detailed   account   of   the   mineral    rcBOurces   of    northwestern    Pangasinan 
will  appear  in  the  Philippine  Journal  of  Science. 
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PANGASINAN    PLACER. 


By  F.  T.  Eddinqfield. 


Near  the  boundary  line  between  Benguet  and  Pangasinan  the  rug- 
ged mountains  of  Benguet  change  abruptly  to  a  flat  plain.  This  plain 
has  been  the  depository  for  all  the  wash  carried  by  the  mouniain 
streams  which  tap  the  mineral  districts  of  Benguet.  The  Baguio  mi- 
neral district  is  drained  by  Antamok  Creek,  Gold  Creek,  and  Batwaan 
Creek,  which  flow  into  the  Agno.  The  Agno  flows  in  a  constantly 
changing,  meandering  course  over  the  plain,  depositing  whatever  gold 
it  carries  over  a  large  area.  Farther  west  the  Tuboy  taps  the  mineral 
district  of  Lubang  in  lower  Benguet.  During  heavy  rains  these  rivers 
overflow  their  banks  and  cover  large  tracts  of  land,  depositing  "flood 
gold."  It  is  at  this  time  that  the  natives  pan  the  gravels  for  gold  and  are 
able  to  recover  considerable  amounts.  The  best  pannings  are  said  to 
come  from  the  Tuboy. 

A  few  months  ago  an  attempt  was  made  to  drive  test  holes  with  a 
3-inch  pipe  near  the  Agno  but  this  was  not  satisfactory  on  account  of 
the  large  number  of  boulders  and  the  great  depth  to  bed  rock.  One  or 
two  holes  were  driven  for  a  distance  of  18  meters,  but  only  a  part  of  tbe 
sand  was  recovered,  consequently  they  were  worthless  as  test  holes. 

Pannings  were  made  of  the  sands  near  the  surface,  along  the  streams 
and  from  exposed  banks  along  the  road  from  Asingan  to  Tayug.  Every 
pan  showed  a  number  of  "colors."  These  colors  were  saved  and  weighed, 
and  the  results  showed  an  average  of  16  centavos  per  cubic  meter  for 
the  surface  gravels.  This  gold  was  undoubtedly  derived  from  the  Baguio 
mineral  district.     It  was  light  yellow,  and  occurred  in  light  round  flakes. 

The  surface  showing  is  promising  enough  to  warrant  further  testing 
with  a  larger,  more  suitable  drill. 
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OTHER  MINEHAL  DISTHUTS. 


By  F.  T.  EoDiNOFncLn. 


MAXCAYAN — SUYOC. 

'J'his  district  was  discussed  in  tlio  Mineral  Hesources  for  1909.  Tho 
conditions  remain  about  the  same.  Tlie  claims  are  still  being  held,  and 
are  being  slowly  prospected,  awaiting  a  more  favorable  time  for  mining. 
A  large  amount  of  gold  was  recovered  by  the  natives  from  washing 
gravels  and  by  surface  mining.  The  total  amount  for  the  year  1910  was 
estimated  by  one  of  the  miners  in  Suyoc  at  60,000  pesos. 

LUBANO  DISTRICT,  LOWER  BENOUET. 

This  district  has  attracted  but  little  attention,  although  it  was  one  of 
the  first  to  be  prospected  after  the  American  occupation.  The  formation 
is  similar  to  that  of  the  Baguio  district,  and  the  ore  bodies  present  the 
same  general  characteristics,  with  the  exception  that  less  manganese  is 
present.  Good  pannings  are  found  along  the  entire  length  of  the  river 
which  drains  the  distirct,  and  it  is  reported  that  very  coarse  gold  is  re- 
covered by  the  natives  after  each  rain  storm. 

At  the  present  time  the  only  men  actively  employed  are  Messrs.  McMichaels, 
Lambert,  and  Mentzer,  who  were  the  first  to  discover  the  location  of  the  ore 
bodies.  They  have  prospected  several  strong  leads  that  show  some  promise. 
Messrs.  McMichaels  and  Lambert  purchased  a  .l-.'S-foot  Huntington  mill  and 
hope  to  have  it  operating  in  the  near  future. 

NUEVA  EOIJA. 

It  is  reported  that  one  dredge  has  been  purchased  to  place  on  a  property 
in  eastern  Nueva  Ecija,  and  that  in  the  near  future  another  will  be  placed 
either  in  Nueva  Ecija  or  just  across  the  mountains  in  Tayabas.  Several 
tests  have  been  made  in  this  district  with  a  3.5-inch  drive  pipe,  and 
ground  averaging  1  peso  has  been  reported.  A  considerable  amount  of 
gold  is  yearly  panned  by  natives,  and  sold  in  small  lots  to  Chinamen  and 
also  to  Americans. 

One  miner,  Mr.  R.  J.  Sharp,  operated  a  60-foot  sluice  with  Hungarian  riffles 
for  four  months  and  recovered  1,368  pesos.  Mr.  August  Johnson  reports  the  dis- 
covery and  location  of  a  mineral  vein,  across  Mount  Baca  and  Macbala  Creek, 
which  also  crosses  the  Cabu,  striking  NE.  and  8W.  From  all  indications  there 
should  be  several  good  quartz  properties  in  this  range  of  mountains. 

.3.3 
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MAlilNDUQUE. 

Several  years  ago  Maurice  Goodman  of  the  division  of  mines  wrote  a 
report  on  the  geology  and  ore  deposits  of  Marinduque,  yet  the  district 
has  excited  but  little  discussion.  However,  an  English  company  took  up 
some  pro[)erty  about  '^0  kilometers  south  of  Santa  Cruz  and  recently 
installed  a  3-stamp  mill  with  concentration  tables.  A  lead,  co})per,  zinc 
ore  with  free  gold  is  being  milled.  It  in  reported  to  average  25  dollars 
per  ton  in  gold. 

MINDORO. 

Several  persons  have  hecn  exploring  Mindoro  for  phicer,  and  very 
favorable  accounts  come  in.  There  is  some  sluicing  and  dredging  ground, 
but  a  large  part  of  the  placer  is  very  deep.  The  climate  in  the  mineral 
districts  is  reported  to  be  disagreeable  and  malaria  to  be  ])revalent, 

S.VMAH. 

Mineral  veins  of  both  copper  and  gold  are  reported  in  Samar.  There 
is  a  tale  about  a  rich  gold  mine  on  this  island,  but  as  yet  no  American  has 
found  it.     However,  the  natives  very  frecjuently  ])ring  in  gold. 

MINDANAO. 
CANSURAN    DISTRICT. 

The  Cansuran  mineral  district  is  located  a  few  kilometers  from  Surigao. 

The  principal  locators  are  Mr.  E.  O.  Parker,  and  Mr.  Briggs.  They  have 
obtained  the  title  to  an  old  Spanish  <^rant  and  have  located  the  ground  svir 
rounding  it.  The  nuggets  brought  in  by  Mr.  Parker  are  the  largest  ever  seen 
in  quantity  in  the  Philippine  Islands  and  remind  one  of  the  old  days  in 
California  or  Alaska.  He  reports  plenty  of  water  from  the  Tugunaan  River 
and  large  tracts  of  sluicing  ground.  He  stated  further  that  a  few  natives 
took  out  over  2,000  ])esos  worth  of  gold  in  a  few  days  on  a  portion  of  this 
property. 

PLACER   DISTRICT. 

The  gold  in  this  locality  is  liner  than  in  the  Cansuran  district,  but  it  is 
said  that  the  properties  are  very  promising.  Two  American  miners  worked 
here  for  a  time  several  years  ago,  but  suspended  operations  because  of  un- 
favorable conditions. 

BUTUAN    DISTRICT. 

Several  claims  have  been  located  by  two  miners,  ]Mortimer  and  McCartney, 
on  a  branch  of  the  Agusan  River.  They  have  recently  formed  a  company  to 
develop  the  ground.  They  believe  they  have  found  the  old  bed  of  the  river 
which  is  very  rich.  A  sample  of  the  placer  gold  brought  in  by  Mr,  McCartney 
showed  coarse  and  fine  gold,  but  the  average  was  much  coarser  than  any  gold 
so  far  discovered,  except  that  in  Cansuran.  It  is  reported  to  be  in  a  shallow 
bed  of  gravel  which  can  be  sluiced  with  little  difficulty.  Captain  Wilson  has 
also  been  prospecting  a  little  farther  to  the  south. 
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PIQTAO   DI8TRI0T. 

This  district  has  recently  attracted  much  attention^  partly  because  of  the 
publication  of  a  translation  of  a  report  by  Enrique  Abella  appearing  in  the 
Mineral  Resources  for  1909.  Quite  recently  u  party  was  sent  to  test  the  ground, 
preparatory  to  building  a  dredge. 

Mindanao  should  become  very  prominent  in  mining  in  the  near  future. 
Such  coarse  gold  as  is  brought  from  there  is  enough  to  excite  even  the 
skeptic  to  enthusiasm.  Mr.  Parker  said  that  lie  liinipelf  bought  10,000 
pesos  worth  of  gold  from  the  natives  of  Surigao  and  estimated  that 
fully  20,000  |)esos  worth  was  taken  in  Surigao  in  1910.  It  is  very 
probable  that  a  like  amount  was  obtained  from  the  other  districts,  so  that 
Mindanao  produced  about  40,000  pesos  worth  in  1910. 


OTHER  METALLIC  MINERALS. 


By  F.  T.  Eddinofield. 


This  general  subject  was  discussed  in  the  1909  Mineral  Resources  by 
Henry  G.  Ferguson  whose  article  covers  tlie  ground  as  it  is  to-day,  for 
but  little  exploitation  has  been  carried  on  since  in  regard  to  any  but  gold 
bearing  ores.  However,  it  is  interesting  to  know  that  some  placer  samples 
were  brought  to  the  Bureau  of  Science  containing  a  value  of  about  1.20 
pesos  per  cubic  yard  in  platinum  alone.  For  many  yearn  it  has  been 
known  that  platinum  existed  in  the  Philippines,  but  sucli  values  have 
never  before  been  encountered.  The  grains  were  all  rounded  and  water- 
worn  as  if  they  had  traveled  several  miles.  Previously,  some  grains  were 
found  as  large  as  the  little  finger  nail.  All  evidence  points  to  the  fact 
that  the  platinum  originated  in  the  mountains  in  the  eastern  part  of 
Nueva  Ecija  or  Bulacan,  or  both. 

A  further  interesting  discovery  of  the  year  1910  was  the  presence  of 
cinnabar  in  two  different  places  at  Benguet.  One  deposit  was  directly 
on  the  Kias  trail  at  a  point  south  of  the  Tejon  dyke.  It  occurred  as 
beautiful,  blood-red  crystals  in  a  rusty  quartz  vein  about  half  a  meter 
wide.  Each  pan  of  rock  contained  from  15  to  20  crystals,  but  no  gold 
was  found  at  this  point.  The  other  deposit  was  south  of  Batwaan  Creek, 
but  here  it  was  associated  with  gold. 

A  copper  deposit  is  reported  near  the  headwaters  of  the  Bued  River, 
which  was  said  to  be  very  promising.  It  is  a  rather  flat  vein  of  copper 
silicate,  about  1.5  to  2  meters  thick.  Very  little  prospecting  has  been 
done  on  the  vein,  but  it  deserves  more  attention  than  it  has  attracted. 
Most  of  the  veins  in  the  Bued  River  Valley  are  high  in  copper.  One 
property  had  ore  in  the  oxidized  zone,  carrying  15  to  20  per  cent  of  copper 
and  about  100  pesos  in  gold. 

Tin  has  often  been  reported  in  various  districts,  but  so  far  no  authentic 
samples  have  been  found,  and  no  formation  suitable  for  tin  deposition 
discovered. 

Zinc  has  also  been  sought  in  the  Islands,  but  no  paying  deposits  have 
been  discovered,  although  this  metal  is  of  common  occurrence  associated 
with  lead,  in  many  gold  bearing  veins  in  Benguet,  Ambos  Camarines, 
Masbate,  and  Cebu. 
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THE  COAL  RESOURCES  OF  THE  PHILIPPINE  ISLANDS. 


By  Warren  D.  Smith. 


INTRODUCTION. 


In  1910  the  production  of  coal  in  tlie  Philippine  Islands  was  nearly 
27,000  metric  tons,  with  a  valiu?  of  )^00,000  pesos.  From  the  above 
tonnage*  18,100  tons  entered  the  market  in  competition  with  imported 
coal.  The  balance  was  used  at  the  mine  for  steam.  This  output  had 
no  appreciable  effect  on  the  general  market. 

Wliile  the  above  figures  show  a  slight  decrease  from  the  production 
of  ;30,3G()  tons  in  190!),  this  fact  can  easily  hv  accounled  for  by  the 
decrease  of  activities  at  the  United  States  Army  mine  at  Liguan,  Batan 
Island. 

The  imported  coal  was  377,355  metric  tons  with  a  value  of  2,478,284 
pesos.     The  greater  part  came  from  Australia  and  Japan. 

Statement  of  the  importations  of  eoal  into  the  Philippine  Inlands,  by  ports  and 
countries  for  the  calendar  year  1910.^ 

[In  pesos  PhlUpplne  curren<y.»»l 


rountri«N. 


British  KH8t  Indies. 
Uiit<h  Eiwt  Indies.. 
Chlnft  . 


Metric 


Iloilo. 


tons/ 


Valued 


19,749         118,962 


Metric 
tonn. 

6, 528 


109 : 


1,100  ; 


Japan  ._ -. — - 144,337  j  1,121,582 

Australia -      130,576'      690.990 


5,010 
1H,438 


Value. 
40,648 


Oebu. 


Metric 
tons. 

2.1K4 


47,606 
98,926 


8,4H9 
21,876 


Total . 


Value. 


17,078 


84,570 
127.682 


:«)0,771   1,932.040   29,971  '  182,180  i   82,549    125,880 


Zani)>oanga. 


(countries. 


British  Kast  Indies. 
Dutch  Ku.st  Indies.. 

ChinH  

Japan  

Australia 


Metric 
tons.     I 


2,201  ' 
1.295  , 


Value 


12.410 

«,  070 


77, 400 


Total 10,507 


Jolo. 


Metric 
tons. 


Value. 


TotalH. 


Metric 
tons. 


10  90  i      30,727 

-..1 1,295 


3,547  j      39,492  !     ir)H,834 
1 t    170,890 


3,557         39,5M2       877,355 


Value. 


ia'>,194 

8, 670 

1,106 

,  870, 710 

912, 598 


2,478,284 


•  Figures  furnished  by  Bureau  of  Customs. 
»>  1  peso  =; 60  cents  United  States  currency. 
«1  metric  ton  =  .948  long  ton  or  1.102  short  tons. 


^7 
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IMPOUTAXCK  OF   A   COAL  SUPPLY   JX   THE    ISLANDS. 

Consumption  of  coal  is  increasing  yearly  as  new  railroads  are  com- 
pleted, new  industrial  plants  installed,  and  as  both  foreign  and  inter- 
island  commerce  advances  under  the  impetus  of  all  new  developments 
in  the  Islands.  Several  hundred  steamers  call  at  the  various  ports 
each  year  and  coal  in  foreign  harbors,  or  with  foreign  high-priced  fuel 
of  a  grade  not  mu(!h  better  than  the  best  coal  found  in  the  Islands. 

Before  1909  practically  all  tln^  coiil  used  in  tbc  l*liilip})inc  Islands 
came  from  Japan  and  Australia,  consumers  having  to  pay  from  8  to 
15  f)esos  and  at  times  more,  per  ton,  })rices  due  largely  to  high  fieights 
and  duty. 

Markets. — The  present  annual  consumption  of  coal  is  nearly  400,000 
tons  and  nearly  all  of  tliis  is  imported.  Witbiii  the  next  few  years 
this  should  increase  to  about  ()(K),()00  tons.  As  many  steamers  leave 
the  Islands  for  the  Pacific  coast  of  the  United  States  and  southern 
China  in  >  ballast  these  markets  may  be  opened  on  account  of  cheap 
freight  rates. 

There  is  good  reason  to  believe  that  extensive  iron  deposits  exist 
in  the  Philippines  which  can  not  be  smelted  satisfactorily  without  a 
good  supply  of  coke,  and  when  they  are  developed  a  further  demand 
for  coal  will  arise. 

'  The  Hongay  Coal  Mine  in  Indo-China,  and  the  following  live  mines 
in  Borneo,  namely,  two  collieries  in  Sarawak,  one  at  Labuan,  one  at 
Cowie  Harbor,  British  North  Borneo,  and  one  at  Pulo  Laut,  Dutch 
Borneo,  will  appear  as  competitors  when  development  occurs,  if  we 
leave  out  of  account  Australia  and  Japan,  and  India,  which  countries 
are  now  delivering  foreign  coal  to  the  Philippine  market. 

Four  of  these  mines  deliver  a  very  good  grade  of  coal  which  can 
be  sold  in  Manila  for  a  price  lower  than  that  for  which  an  equal  grade  of 
coal  has  been  produced  so  far  in  the  Philippines.  The  Pulo  Laut  mine 
has  a  daily  output  of  500  tons,  and  it  is  located  in  the  Macassar  Straits, 
an  important  sailing  route. 

Any  company  in  the  Philippines  must  work  against  the  handicap 
of  beginning  operations  after  these  companies  have  been  in  operation 
sometime,  and  also  they  must  consider  the  geographic  factor,  which 
involves  such  items  as  transportation,  storage  chargers,  increased  handling, 
etc.  This  factor  would  be  serious  in  the  case  of  a  property  on  a  bad 
coast  and  off  the  track  of  steamers. 

HISTORY    OF    COAL    MINING    IN    THE    PHILIPPINES. 

The  history  of  coal  mining  in  these  Islands  dates  from  the  year  1842,  when 
the  Spanish  governor  of  Albay  Province,  Juan  Velarde,  worked  and  shipped 
coal  from  the  vicinity  of  Calanaga  Bay,  Batan  Island.  The  first  recorded  dis- 
covery of  coal  by  the  Spaniards,  was  as  early  as  1827,  on  the  Island  of  Cebu. 
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Not  much  serious  work  was  accoroplished  until  1890.  At  that  time  active 
operations  were  be^un  on  lK>th  ilutiin  and  CVbu,  but  with  poor  resultiii,  acixirding 
to  Enrique  Abella  y  C'uwiriejfo,  at  that  time  the  Senior  Inspector  of  Mines. 
The  engineering  was  crude  and  the  management  of  business  details  even  worse. 
Too  much  money  was  spent  on  the  plant  before  exploration  had  justified  it. 

In  1890  insurrection  broke  out  and  in  1898  the  American  occupation  took 
place,  and  then  followeti  several  years  of  desultory  disturbances  which  made  it 
entirely  out  of  the  question  to  resume  any  industrial  undertaking  outside 
the  coast  towns.  Many  of  the  prospectors  and  small  mining  concerns  which 
did   venture   into   the   hills  came   to  grief. 

In  1903  the  I'nited  States  Army  began  exploration  on  the  western  end  of 
Batan,  with  the  work  in  charge  of  Captain  H.  L.  Wigmore,  Corps  of  Engineers. 
Hesides  the  government  operations,  another  property  has  been  opened  on  the 
eastern  end  of  Batan  and  it  is  from  this  that  practically  all  the  Philippine 
coal  now  comes.  In  1907  private  concerns  began  work  on  and  near  the  old 
(^ompostela  properties  in  C^ehu,  but  to  the  present  time  only  exploration  work 
has  been   accomplished. 

Exploration  and  feeble  attempts  at  mining  have  from  time  to  time  been  made  in 
Masbate,  Mindoro,  Samar,  Negros,  and  Mindanao. 

Coal  occurs  on  a  great  many  of  the  islands  of  the  Archipelago,  both 
large  and  small.  The  general  map  (PI.  11)  give.-^  the  j)rineipnl  Imal- 
ities  together  with  the  completed  and  projected  railroads. 

GEOLOGY. 

The  geology  of  the  Philippine  coal  fields  may  best  be  outlined  by 
giving  the  stratigraphic  column  as  it  has  been  worked  out  in  Cebu. 
This,  it  must  be  imderstood,  is  subject  to  future  modification  in  part, 
as  little  more  than  reconnaissance  work  has  been  done  anywhere  in 
the  Archipelago. 

The  geologic  structure  of  the  Philippine  Islands  is  such  as  to  in- 
troduce many  difficulties  into  the  profitable  exploitation  of  the  coal 
fields,  yet  these  difficulties  are  not  insuperable.  Everywhere,  the  strata 
are  folded  and  faulted,  and  in  many  places  shattered  by  earthquakes. 
Landslides  are  of  frequent  occurrence,  lK»cause  of  steep  slopes  and  ex- 
cessive rainfall.  The  roofs  of  the  seams  are  rarely  found  to  be  firm 
enough  to  stand  without  timbering.  The  geology  is  similar  in  memy 
respects  to  that  of  the  neighboring  islands  of  Formosa,  Borneo,  Java, 
and  Japan. 


Stratigraphic  column  of  Danao-Compostela  coal  field. 
Kecent. 


Alluvial    deposits   in   streams   and   extensive   and 
thick  talus  on  all  slopes;  travertine  in  streams. 


Unconformity. 

Pliocene  and  Mio- 
cene. 


Upper  white  limestone,  coralline,  containing  Or- 
bitoides,  Lithothamnium,  and  many  molhisca  in 
its  basal  portion. 
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Extrusive    rocki^,    chiefly    andesite.     Terrestrial    or 
U  neon  form  ity.  Piedmont    deposits    consisting   largely   of   conglo- 

merate much  oxidized. 
[  Shaley    limestone    and    marl,    cream-colored    and 
Oligocene.  |  soft;    unfossiliferous    save    in    the    lower    marly 

^  portion. 
Lower  Miocene  or   j  (.'oarse  gray  sandstone. 

Oligocene.  ]  Coal  measure  shales  with   (4)  coal  seams. 

Unconformity. 
Pre-Tertiary.  Basal  Diorite  and  basal  conglomerate. 

The  age  of  the  deposits  is  either  late  Eocene  or  early  Miocene.  The 
limestone  immediately  overlying  the  Coal  Measures  as  a  rule  contains 
fossils,  and  of  the  many  forms  two  are  well  known  and  are  charac- 
teristic "zone  fossils."  They  are:  LepidocycHna  (Orintoidns)  {n^uhr- 
natalis  Chap.,  a  foraminifer  with  a  wide  distribution  in  the  Indo- 
Australian  region,  and  Lithothamnium  ramossissimuni  Heuss,  an  alt^a, 
also  widely  distributed.  These  two  mark  the  Middle  Miocene.  This 
is  about  equivalent  to  the  Helvetian-Tortonian  stage  in  the  European 
column. 

THE  PRINCIPAL  COAL  DEPOSITS. 
BATAN   ISLAND. 

Batan  Island  is  20  kilometers,  almost  due  east,  from  Legaspi,  in 
the  Province  of  Albay,  which  in  turn  is  a  part  of  the  long,  irregular 
arm  of  southeastern  Luzon.  The  island  is  from  IG  to  20  kilometers 
in  length  and  from  8  to  10  in  width.  It  has  an  irregular  coast  line 
and  is  for  its  small  size  quite  mountainous,  one  peak  attaining  an 
elevation  of  approximately  458  meters. 

The  formations  are  as  follows:  An  igneous  base  of  diorite,  some  ser- 
pentinized  intrusives,  the  remnant  of  an  iron  formation,  coal  measures, 
including  shales,  sandstone  and  coal  seams  and  at  least  two  horizons  of 
limestone.  The  upper  one  is  to  a  great  extent  coralline.  In  fact,  a  coral- 
line limestone  very  probably  covered  the  entire  island  at  an  earlier  time. 
The  coal  beds  are  inclined  at  various  angles,  often  steep  and  in  some 
cases  vertical.  At  the  points  where  they  can  be  most  easily  reached  from 
the  seashore  (and  it  would  not  be  feasible  to  do  much  in  the  interior  of 
this  island)  the  beds  unfortunately  dip  into  the  island,  thus  necessitat- 
ing hoisting  and  pumping.  There  are  at  least  two  good  seams  of  over 
1.5  meters,  and  one  6v  two  more  of  uncertain  thickness,  in  the  western 
part  which  easily  can  be  reached  almost  at  sea  level.  On  the  eastern  end 
of  the  island  only  one  commercial  seam  has  been  opened. 

East  Batan  coal  mines. — With  the  exception  of  the  old^  Calanaga  and  Bilbao 
mines,  Batan   is  at  present  the  only  ofiening  in  thic  c6si[  field  on   the  eastern 
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end  of  Batan  Island.  This  field  extends  from  Mount  Viscaya  on  the  we«t  to 
Masaga  on  the  east,  to  Calanaga  on  the  north  and  Batan  on  the  south. 

Two  seams,  with  an  interval  of  26  meters  are  known  to  exist:  the  upper  1.0 
meter  thick  and  the  lower  1.6  meters  thick.  At  present  only  the  lower  seam 
is  being  worked. 

The  coal  is  reached  from  the  outcrop  and  a  slope  is  driven  in  the  seam 
40®  of  the  full  dip  of  16*'.  Near  the  slope  are  grouped  the  tipple,  power  plant, 
ventilating  fans,  office  building,  machine  and  blacksmith  9hops  and  a  new 
3,200-ton  coal  bunker,  now  nearing  completion.  A  wharf  and  loading  tower 
are  located  833  meters  from  the  mine. 

The  country  around  Batan  is  only  a  narrow  coastal  plain  with  a  row 
of  ridges  following  the  coast  line  and  rising  to  altitudes  of  from  30  to 
400  iiK'ters.  The  surface  is  covered  with  a  dense  growth  of  underbrush 
and  timber.     The  water  supply  is  intermittent  as  the  streams  are  small. 

This  field,  resting  in  part  on  an  igneous  base  is  composed  of  sedimen- 
tarii's:  sandstones,  shales  and  inter-s(ratifi<Ml  coal  seams  f(»i'min«^  the  coal 
measures,  with  a  capping  of  coralline  limestone  on  the  hills  and  belongs 
to  the  Tertiary  period. 

The  coal  beds  lie  in  the  form  of  a  monocline  and  have  a  strike  of  N. 
75°  \V.  The  thickness  of  the  coal  as  worked  is  1.5  meters  composing  a 
shaley  top  coal  0.3  meter,  a  bottom  coal  1.13  meters  sejmrated  by  a  7 
centimeter  pandy  clay  parting. 

The  coal  is  sub-bituminous  and  its  cjuality  is  shown  by  the  analyses 
given  below.  The  coal  crushes  to  a  brown  powder.  It  contains  a  small 
amount  of  sulphur  and  also  lenticular  bodies  of  resin  varying  in  thick- 
ness from  1  to  15  centimeters  and  extending  over  small  areas.  The 
face  and  butt  cleaA^age  is  well  marked.  This  coal  does  not  coke  and  air 
slacks. 

The  main  slope  has  been  driven  550  meters  and  the  face  of  the  workings 
is  approximately  60  meters  below  sea  level.  Five  entries  have  been  driven  from 
the  slope  to  the  right  and  left  of  which  two  to  the  right  arc  now  advancing. 

One  Ingcrsoll  Rand  pick  machine  and  radial-ax  coal  cutter  have  been  used 
to  a  limited  extent  and  have  given  fair  results.  At  present  all  coal  is  mined 
by  hand  and  the  whole  face  is  mined  with  only  a  few  inches  of  undercutting. 
The  system  of  mining  is  the  "room  and  pillar." 

Mining  has  been  rather  difficult  due  to  an  exceedingly  soft  and  heavy  roof 
of  considerable  thickness.  On  exposure  to  the  air  the  roof  slacks  and  is  con- 
tinually falling.  It  is  found  necessary  to  timber  all  entries  with  tops  of  timber 
sets  covered  with   lagging. 

In  some  of  the  old  workings  it  has  been  found  that  leaving  the  top  coal 
remaining  makes  a  good  protection  for  the  roof  and  this  scheme  is  now  being 
tried.  The  top  coal  is  also  of  inferior  quality  and  contains  about  17  per  cent 
ash.  Marsh  gas  Occurs  in  small  amounts  and  has  also  a  tendency  to  work 
the  roof. 

The  timber  used  is  pagatpat  and  is  very  satisfactory.  Other  equally  good 
trees, are  mangachapuy,  dafjon,  molavCf  guijOy  and  narra. 

Since  bur  last  report  two  200  horsepower  boilers  have  been  installed  and 
one  air  compressor  of  a  capacity  of  1,050  cubic  feet  of  air  per  minute  and 
another  one  of  the  same  unit  is  on  the  ground. 
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A  3,200-ton  coal  bunker  Ih  nearly  completed.  This  will  be  connected  directly 
with  the  mine.  A  new  rock  fill  connects  the  bunkers  with  the  wharf  and 
will  make  the  surface  haul  nearly  100  meters  shorter. 

Natural  causes  and  those  associated  with  mining  inclined  seams  have  limited 
the  output  to  some  extent.  An  average  daily  output  of  nearly  70  tons  was 
maintained  during  last  year,  although  over  150  tons  have  l)een  rained  in  a 
single  day  of  24  hours.  It  is  expected  that  the  production  will  be  considerably 
increased.  The  storage  capacity  has  been  limited  and  the  mine  has  been  prac- 
tically only  worked  to  present  full  capacity  when  cargo  ships  have  been  present. 

There  is  every  reason  to  l>eliove  that  the  field  will  be  thoroughly  tested 
and  proven  this  coming  year  and  capital  will  be  assured  that  ooal  mining  can 
be  successfully  done  in  the  Philippines. 

Analysts  of  East   Batan   ro(//.a 

Moisture    17.97 

Volatile  combustible  matter   36.82 

Fixed  carbon    38.28 

Ash 6.93 

100.00 
Sulphur   84 

West  Batan. — Tlio  military  branch  of  the  rnitiMJ  States  (ioveriiinent 
(not  the  l^hilippine  Government)  has  leserved  tlie  westtM-n  half  of  the 
island  and  has  been  exploring  and  developing  there  since  1904.  All 
openings  save  the  lowest  one,  near  the  beach,  known  as  ''New  No.  5," 
have  been  abandoned.  In  this  the  coal  is  from  1  to  2  meters  thick  and 
is  holding  to  its  usual  thickness  1  to  2  meters  toward  the  east.  While 
the  coal  seams  were  found  to  pinch  and  were  probably  more  or  less  faulted 
to  the  west,  it  is  fully  believed  that  they  will  be  found  to  continue  more 
uniformly  in  the  direction  of  the  barrio  of  Tinicauan  (eastward). 

Since  January  1,  1911,  all  work  at  the  Government  mine  has  been  suspended. 

The  old  Minas  de  Batan,  properties  on  the  eastern  and  northern  portion 
of  the  island,  have  been  abandoned.  For  several  years  a  Spanish  com- 
pany employing  Japanese  miners,  who  used  rather  crude  and  wasteful 
methods^  operated  these  properties,  but  the  company  failed. 

Much  trouble  was  experienced  from  water  and  from  spontaneous  combustion 
in  old  workings.  Both  of  these  troubles  can  be  controlled  in  the  future.  The 
coal  is  quite  rich  in  volatile  matter,  as  can  be  seen  by  referring  to  the  analysis 
given.  In  places,  also,  the  coal  contains  a  considerable  amount  of  resin  and 
sulphur  and  frequently  takes  fire  on  the  dumps.  When  the  writer  visited  the 
old  Calanaga  and  Bilbao  properties,  on  the  north  side  of  the  island,  there  was 
evidence  of  this  and  the  Bilbao  tunnels  are  said  to  have  been  abandoned  because 
of  spontaneous  combustion  in  the  workings.  These  points  are  mentioned  in 
detail,  not  to  discourage  investors  or  engineers  who  may  wish  to  enter  the 
field  but  to  make  the  facts  plain  to  them  before  they  set  out  for  a  country 
situated  at  such  distance. 

■  By  Alvin  J.  Cox,  Laboratory  of  General,  Inorganic  and  Physical  Chemistry, 
Bureau  of  Rcienof. 
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Batan  Island  is  well  situated  directly  in  the  track  of  steamers  coming 
from  San  Francisco  by  way  of  Ciiuun,  which  is  the  most  direct  route  to 
Manila.  A  coaling  station  here  would  save  the  army  transports  the  long 
northward  trip  to  Japan  where  they  now  go  to  coal.  On  the  other  hand, 
it  is  off  the  inwk  of  nuiny  of  the  interishuid  trading  vessels  and  largi* 
tramps  touching  at  Cehu,  lloilo,  and  Manila. 

GCBU. 

Cchu  is  a  long,  narrow,  mountainous  island  with  no  large  rivers,  few 
hays,  and  hut  little  coastal  [)lain,  yet  it  supports  a  greater  population  in 
pro])()rti()n  to  its  si/i;  than  any  other  island  of  the  whol(»  Philip})inc 
group.  The  city  of  (Vbu  is  the  second  city  at  present  of  the  Islands  and 
a  great  distributing  }>oint. 

(icologically,  Cehu  is  much  the  sanu*  as  Hatan,  with  the  addition  of 
sonu»  crystalline  schists,  igneous  flows,  all  of  which  nuiy  yet  Im»  foinid  in 
Batan. 

At  least  a  dozen  localities  arc  known,  scattered  from  one  end  of  the 
island  to  the  other  where  coal  conu's  to  the  surface.  Many  of  these  are 
unfavorably  located  and.  therefon»,  ntnul  no  further  nu*ntion  here. 

The  chief  loculitieB  to  which  most  attention  was  paid  by  the  Spaniards 
and  to-day  by  Aniericann  and  Kn;^liHlimen,  are  as  foIlowH:  OanmnHi,  10  kilo- 
inetera  we^st  of  Danao;  Monte  LicoH,  10  kilometers  wcHt  of  Compostela;  I^nte 
Uling,  8  to  10  kilometers  west  of  Naga;  and  Alpaco,  4  to  5  kilometers  west 
of  Naga. 

All  of  these  deposits  are  situated  on  the  eastern  side  of  the  Cordillera 
Central,  the  first  two  some  20  to  2t)  kilometers  north  of  the  city  of 
Cebu  (which  lies  about  central  on  the  (?ast  coast),  and  the  last  two  IS 
to  t^O  kilometers  south  of  the  same  city. 

Here  we  find  sandstone,  shales,  and  limestones  in  very  much  the  same 
order  as  on  Batan.  However,  the  number  and  position  of  the  local 
seams  can  be  determined  much  better,  for  three  reasons:  First,  more 
exploratory  work  has  been  done  in  these  fields;  second,  the  country  is 
much  more  open,  being  quite  denuded  of  trees,  but  there  is  an  excessive? 
growth  of  cogon  grass  which,  of  course,  can  be  burned  off;  third,  the 
country  is  more  dissected  and  hence  more  and  better  sections  can  be 
obtained. 

In  the  Camujumayan  Valley  the  writer  ha«  seen  four  difTerent  seams 
exposed,  the  thickest  measuring  no  less  than  3.75  meters,  the  smallest 
about  0.75  meter,  although  only  0.5  meter  of  the  latter  is  solid  coal. 

A  great  numlxir  of  claims  have  been  staked  in  these  fields,  but  actual 
oi)erations  have  been  carried  on  only  at  Camansi  and  Mount  Licos  (In- 
sular Coal  Company).  The  tramway  which  existed  in  Spanish  times 
has  been  put  in  order  from  the  mines  to  the  coast  at  Danao.     Here  the 
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company  intended  either  to  trans-ehip  to  the  railroad  now  running  to 
Cebu,  or  possibly,  to  build  its  own  dock  at  Danao.  Just  now  this  work 
is  suspended  save  for  about  10  tons  a  week  mined  by  the  natives. 

CAMUJUMAYAN    VALLEY. 

The  Camujumayan  Valley  is  located  15  kilometers  northwest  of  Danao, 
in  the  Compostela-Danao  coal  field,  and  is  30  kilometers  due  north  of 
Cebu.  It  may  be  reached  by  means  of  30  kilometers  of  railroad  wliicli 
goes  as  far  as  Danao,  then  by  10  kilometers  of  tramway  which  ends 
at  Camansi.  The  rest  of  the  distance,  about  5  kilonieters,  must  be  made 
on  foot. 

The  country  is  very  mountainous  with  a  sharp  relief  and  with  an 
average  elevation  of  330  meters.  Mount  Mangilao  is  684  meters  above 
sea  level  and  is  the  highest  point  in  the  district.  The  valleys  are  deep 
and  V-shaped  with  sharp,  bare  ridges  between  them. 

Almost  all  the  hills  are  bare  of  trees;  the  only  vegetation  being  rogon 
grass.  The  upper  portion  (limestone)  of  the  highest  points  is  covered 
witli  a  good  growth  of  timber. 

The  smaller  streams  have  an  intermittent  flow,  but  Danao  River  flows 
at  all  times. 

Elevations. — The  point  where  the  best  outcrops  are  seen  in  this  valley 
is  305  meters  above  sea  level.  The  lowest  point  in  the  rim  of  this  basin 
besides  the  last  named  point  is  457  meters,  a  saddle  on  Mount  Lantauan. 

Camujumayan  Valley  is  a  syncline  about  1  kilometer  wide  the  axis 
of  which  is  N.  45°  E. 

Rocks. — Both  igneous  and  stratified  rocks  are  found,  but  as  the  igneous 
rock  occurs  only  at  tlie  lower  end  of  the  basin  it  can  be  neglected. 

The  sedimentary  rocks  are  much  the  same  as  in  all  the  other  coal 
fields  of  the  Philippines,  shale,  sand-stone,  and  limestone  with  inter- 
stratified  coal  seams.  There  is  also  a  very  much  oxidized  conglomerate 
above  (stratigraphically)  the  coal  measures  which  must  not  be  confused 
with  the  basal  conglomerate.  In  1907  Mr.  Benjamin  Smith  Lyman 
made  a  survey  of  a  part  of  this  valley  for  a  private  company.  No  ac- 
curate data  are  at  hand  regarding  thickness  of  the  lower  formations  or 
the  depth  of  the  basin.  The  upper  limestone  is  about  213  meters  thick. 
This  limestone  is  very  pure. 

No  definite  data  regarding  faults  exist,  but  it  is  thought  that  faulting 
on  the  east  side  of  this  basin  will  probably  be  found. 

There  are  four  coal  seams:  No.  1,  1.5  meters  thick ;  No.  2,  3.75  meters 
thick;  No.  3,  3  meters  thick;  No.  4,  0.5  meter  thick.  These  are  numer- 
ated in  order,  No.  1  being  lowest  stratigraphically. 

The  coal  has  a  brilliant,  black  color  on  fresh  fracture;  it  is  \isually 
quite  hard  in  portions  of  the  seam,  and  gives  a  brownish  powder.  It  has 
a  rather  dull,  vitreous  luster  with  fine  coatings  of  iron  pyrites  on  some 
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surfaces;  shows  a  blocky  cleavage  but  the  cleats  are  not  regular,  and  it 
bums  without  any  evidence  of  coking.  The  several  seams  contain  small 
clay  partings  and  ^^bone,"  usually  not  over  2.5  centimeters  in  thickness. 
However,  the  coal  will  have  to  be  carefully  cleaned. 

The  analyses  below  give  the  average  above  and  below  a  small  parting 
in  No.  2  seam  and  also  of  seam  No.  3. 

Analyses  of  coal  from  Camujumayan  Vol  ley. •^ 


ConKtltuent. 
Water _ 

No.  2  ■cam. 

rpper    Ix>wcr 
half.      half. 

2.S.18       17.24 
46.40       44.18 
2.^.  84       88. 87 
4.r>8         4.76 
4.428       8.190 

Volatile  combustible 

Fixed  earbon ._ 

Ash 

Calories _.  . 

Sulphur ^_ 

No.  8 
seam. 


13.88 
40.87 
41.74 

3.41 
fS.  7«*)1 

O.fift 


■  Analysis  by  Forrest  D.  Beyer,  Bureau  of  Science. 
CAMANSI   DISTRICT. 

This  field  is  situated  on  the  Danao  Hivcr  10  kilometers  due  west  of 
Danao,  which  is  the  nearest  town;  it  is  a  part  of  tlic  Compostela-Danao 
coal  field. 

The  region  near  Cainansi  is  very  hilly,  altliough  the  village  and  present 
workings  are  situated  almost  in  the  river  bottom.  The  sharp  relief  of 
this  region  is  due  largely  to  erosion.  The  surface  is  very  bare  and  hence 
is  greatly  indented  with  gulches.  The  only  vegetation  is  cogon  grass 
except  on  the  limestone  ridges  where  timber  of  the  third  and  fourth 
groups  is  found. 

The  timber  supply  is  sufficient  for  a  period  of  5  or  6  years.  Later  it  may 
be  brought  in  cheaply  from  Negros  by  way  of  Danao.  This  timber  can  be 
secured  cheaply,  as  1  peso  per  set  was  paid  in  Spanish  times.  The  chief  clasges 
are  puiian  and  naucaon. 

The  Danao  River  furnishes  an  abundant  supply  of  water  for  mining  operations. 

The  terminus  of  the  tram  road  and  the  site  of  the  former  working  Is  80 
meters  above  sea  level.  The  hills  in  the  vicinity  rise  to  an  altitude  of  300 
meters. 

Gi:OIX)GY. 

The  rocks  here  are  essentially  the  same  as  those  in  the  other  two  fields 
in  this  region,  they  are  shale,  sandstone  and  limestone.  The  lower  por- 
tion of  the  limestone  is  marly.  A  short  distance  to  the  west  of  Camansi 
is  the  edge  of  the  igneous  formation. 

This  field  is  best  described  as  a  monocline,  though  there  are  some  minor 
folds  best  seen  in  the  cut  on  the  tram  road  just  east  of  the  present  San 
Luis  tunnel.  One  or  two  faults  were  encountered  during  early  Sfjanish 
operations,  but  I  have  no  further  definite  information  concerning  this 
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point.  However,  I  am  of  the  opinion  that  the  great  Licos  Escarpment 
marks  the  existence  of  a  fault. 

The  coal  seams  are  four  in  number  and  given  from  west  to  east  are: 

Espina,  (small);  Santa  Barbara,  (1  to  1.5  meters);  No.  5,  (1.5  to 
2  meters)  ;  San  Luis,  (0.5  to  1.25  meters). 

These  seams  occur  in  tlie  '^I'ertiary  formation,  and  are  of  about  the 
same  thickness  as  the  Mount  Licos  seams  witli  whicli  they  are  correlated. 

The  coal  is  black,  very  firm,  hard,  an(^  strong  and  gives  a  black  powder  ; 
fuis  a  brilliant  luster  and  is  free  from  impurities.  This  coal  has  no 
regular  cleavage  and  docs  not  coke.  Below  is  an  analysis  of  the  San 
Luis  seam,  the  only  one  open  at  the  time  of  the  last  visit. 

Anah/sis  of  coal  from  the  San  Luis  scam.^ 

Water    9.01 

V^olatile   eonibuHtiblc    43.46 

Fixed  carbon 43.18 

Ash    4.35 

Sulphur 2.40 

Calorios  6,249 

THK   MOl'NT  LICX)S    (COMPOSTELA)     FIELD. 

A  fairly  complete  reiK)rt  has  already  been  made  on  this  field.-  There 
are  four  workable  seams  as   follows: 

1.  The  "Carmen."  Thickness  L60  meters,  strike  NE.  to  SW.,  dip 
30*^  SE.,  40  meters  interval.  2.  "Esperanza.'-  50  centimeters,  strike 
and  dip  the  same  as  above,  9  meters  interval.  3.  ''Enrique  Abella,'* 
1.20  meters  to  1.50  meters,  strike  N.  23°  E.,  dip  40°  SE.;  40  meters 
interval.     4.  "Pilarica."     1.40  meters,  strike  N.  23°  E.,  dip  30°  SE. 

Formerly,  a  considerable  amount  of  work  was  done  on  these  seams. 
In  Spanish  times  practically  the  only  active  coal  mine  was  located  here. 
All  operations  were  suspended  at  the  outbreak  of  the  insurrection  in 
1896. 

Since  190?  there  has  been  no  work. 

Analysis  of  the  average  coal  from  the  Mount  Licos  field* 

Water 8.60 

Volatile   combustible    36.95 

Fixed    carbon    51.75 

Ash 2.70 


Total    100.00 

Sulphur  71 

Calorific  value  in  calories 0,380 


*  Analysis  by  Forrest  B.  Beyer,  Bureau  of  Science.     Samples  taken  according 
to  United  States  Geological  Survey  regulations  by  Warren  D.  Smith. 

*  Smith,  W.  D.,  The  Geology  of  the  Compostela-Danao  Coal  Field  Philip,  Jour. 
Scu,  Sec.  A.  1907),  2,  377. 

•Analysis  by  Alvin  J.  Cox,  Bureau  of  Science,  by  the  "smoking  off"  method, 
which  gives  slightly  higher  figures  for  fixed  carbon  than  by  the  official  method. 
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OTHER  LOCALITIES. 

There  arc  five  other  localities  which  at  times  have  commanded  ftome 
attention.  They  are  l^>lillo: 
Rulalacao,  Mindoro ;  Dinagat  ; 
C'ataingan,  Masbate;  and  Si- 
buguey  Bay,  Mindanao.  The 
first  is  an  ishmd  due  east  of 
Manihu  ofT  the  east  eoast  of 
Luzon;  the  second  is  on  tlie  Is- 
land of  Mindoro;  tlie  third,  a 
small  island  just  north  of  Suri- 
gao  Province,  Mindanao;  thr 
fourth  is  at  tlie  southeastern 
end  of  the  Island  of  Masbatt*; 
and  the  last  about  150  kilo- 
riH^tcrs  northeast  of  Zamboanga. 

<a  INrUAlAN    RIVEK.    POI.ILU). 

In  Polillo  exploration  has 
shown  that  there  is  apparently 
a  ('onsid(^rabl(;  sup])ly  of  coal. 
It  is  similar  in  iminy  respec^ts 
to  the  west  Hatan  coal.  The 
geograj)hical  f)osition  of  the 
island  may  be  a  factor  against 
it  in  it,s  competition  with  other 
lields.  It  is  entirely  off  the 
j)resent  track  of  steaniers  but 
a  j)ort  on  the  east  coast  would 
change  these  conditions. 

(rc()lo(jij. — The  rocks  in  this 
coal  field  are  sedimentaries: 
conglomerates,  sandstones  and 
shales,  sandstones  and  lime- 
stone flanking  an  igneous  com- 
plex. The  sedinjents  lie  in  the 
order  named  above  from  the 
bottom  upward.  The  lime- 
stone is  probably  unconform- 
able, though  not  seen  in 
contact,  judging  from  other 
fields  in  the  Philippines.  The 
ideal  section  below  grai)hically 
represents  the  relations. 
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Beginning  with  the  bottom,  we  have  a  fine-grained,  slightly  porphy- 
ritic  igneous  rock  which  has  a  greenish  cast,  in  places  almost  white.  We 
know  that  this  rock  is  older  than  the  sedimentaries  because  pebbles  de- 
rived from  it  occur  in  the  basal  conglomerate. 

The  shales,  which  are  grayish  to  buff,  grade  imperoe])tably  into  tfio 
sandstones  and  grits.  They  are  similar  to  the  shales  in  other  parts  of 
the  Archipelago  where  coal  has  been  found. 

The  sandstone  is  gray  to  greenish  on  fresh  surfaces  and  weathers  to  dirty 
yellow.  It  is  quite  impure  and  carries,  comparatively,  very  little  quartz, 
being  derived  largely  from  the  disintegration  of  the  igneous  rock.  The 
sandstone  grades  through  grit  into  the  conglomerate.  The  limestone  is 
found  only  in  residual  patches.  It  is  very  white  and  largely  coralline. 
It  was  originally  deposited  as  a  blanket  above  all  the  other  formations. 
There  is  one  well  marked  anticline  and  syncline  with  two  monoclines. 
While  the  average  axis  is  N.  20  W.  there  are  local  variations  from  this. 

A  few  small  faults  are  inferred,  but  as  yet  no  definite  information  is 
at  hand  on  this  point. 

The  lithology  and  the  fossils  in  the  sliale,  althou.u;})  not  many  of  these 
have  as  yet  been  found,  point  to  the  fact  that  tliis  coal  belongs  to  tiie 
same  period  as  the  others  of  the  l^hilippinc  Islands  i.  c  Oligoeene  and 
Miocene  of  the  Tertiary  ])eriod. 

In  Guinibauan  Creek  we  get  the  best  exposures,  according  to  Captain 
Wray  and  Mr.  Ikis,  of  any  part  of  the  Island  ot*  Polillo.  From  our 
own  field  observations,  we  are  certain  of  only  three  coal  scams  of  any 
size  worth  considering  and  probably  there  are  only  two  which  could  be 
worked  profitably.  It  may  finally  be  narrowed  down  to  one,  the  "Wray 
seam." 

At  the  Wray  mine  the  coal  contains  from  1  fo  2.5  centimeters  of  sooty 
clay  parting.  The  coal  is  hard  and  firm,  especially  in  the  lower  portion 
of  the  seam;  it  is  shiny-black  in  the  upper  ])art  and  hrownish-black  in 
the  lower,  with  angular  shiny  particles  cemented  in  a  coal  matrix.  It 
has  a  bright  to  dull  hister  and  gives  a  black  powdei-.  N'o  well  defined 
cleats  appear,  but  it  presents  a  characteristic  slickensided  or  surface 
shear.     It  does  not  coke  and  does  not  air  slack. 

Analysis  of  coal  from  the  "Lower  Mine"  PoHUo.^ 

Water    8.28 

Volatile  combustible  41.53 

Fixed  carbon  46.31 

Ash    3.88 

Sulphur \ „ 0.32 

Calories  6,775 

Conclusions  in  regard  to  the  geological  c^nditiojis  affecting  the  coal. — 
(1)   The  coal  field  is  bounded  definitely  on  the  wc^t  by  the  volcanic  rock. 

» Analysis  by  Forrest  B.  Beyer,  Bureau  of  Science. 
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(Fig.  8.)  (2)  The  coal  beds  do  not  appear  to  be  entirely  continuous  in  a 
north  and  south  direction — \vitne8s  the  almofit  entire  absence  of  outcrops 
in  the  north  branch  of  Quinibauan  Creek.  This  may  be  due,  however,  to 
talus  covering  the  outcrops.  (3)  The  coal  seams  are  flattening  toward 
the  coast,  and  will  be  found  in  all  probability  of  different  grade  from 
the  more  highly  inclined  seams  to  the  west.  (4)  The  hard,  peculiar 
condition  of  the  bottom  coal  of  the  "Wray-*  seam  might  be  used  as  a 
means  of  correlation.  Its  peculiarity  is  not,  in  my  opinion,  due  to  coking. 
My  reasons  are  these:  (a)  the  underclay  is  not  baked,  (h)  The  volcanic 
rock  was  cold  before  the  Fodimonts  were  laid  down,  (r)  There  is  no 
volcanic  rock  in  contact  with  this  seam  at  the  point  examined.  (5)  The 
folding  of  this  region  was  due  to  lateral  thrust  against  an  abutment  of 
resistant  rock,  the  igneous  complex  in  the  center  of  the  island.  There 
are  no  indications  of  intrusions.  (G)  Given  continuous  seams,  which  will 
have  to  be  proved  by  more  excavations,  there  is  nothing  prohibitive  in 
the  geology.  Mining  operations  will,  however,  not  be  simple  as  the  beds 
are  highly  inclined  in  places. 

Coal  has  been  found  at  several  other  points  on  Polillo,  but  we  have 
made  no  examination  of  them.  There  is  apparently  a  fairly  extensive 
field  on  this  island. 

8IBUQUEY  COAL  MINE. 

Geology. — This  field  is  situated  about  12  hours  steaming  from  Zam- 
boanga  and  northeast  of  that  place  on  the  Sibuguey  River  which  flows 
into  Sibuguey  Bay.  The  deposits  are  found  about  20  kilometers  from 
deep  water.  The  coal  seams  occur  in  the  usual  shales,  below  the  same 
gray  sandstone  found  in  most  Philippine  coal  fields.  There  are  patches 
of  volcanic  agglomerate  above  the  coal  measures  in  Alat  Creek.  It  is 
my  opinion  that  this  agglomerate  is  of  much  later  origin  than  the  coal 
and  consequently  could  not  seriously  have  afTected  it,  however,  much 
more  work  is  necessary  before  the  exact  relations  can  be  determined. 

The  axis  of  the  field  is  apparently  parallel  to  the  main  cleats,  N.  18° 
W.  and  the  dip  of  the  coal  is  S.  20°  W.  At  present  no  data  have  been 
obtained  in  regard  to  faults. 

These  coal  seams  belong  to  the  Tertiary  period  and  are  two  in  number : 

No.  1. — 1.5  meters. 

No.  2. — 2.4  meters  according  to  Mr.  Williamson  of  Zamboanga  who 
was  one  of  the  original  locators. 

There  is  some  tendency  for  the  2.4  meters  seam  to  pinch,  but  not 
enough  work  haa  been  done  to  make  any  definite  statement  about  this 
point. 

The  coal  is  black,  with  bright  luster  and  gives  a  black  powder.  There 
is  a  slaty  parting  in  the  2.4  meters  seam  varying  from  1.2  meters  to  1.8 
meters,  but  the  1.5-meter  seam  is  very  clean.     This  latter  has  a  good 
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cleavage  and  shows  the  strike  of  the  main  cleat  N.  IH  W.  with  a  dip  of  N. 
72°  E.  The  coal  is  firm  and  is  secured  in  lumps  which  do  not  air  slack. 
It  forms  a  hard,  coherent  coke  according  to  Sir  W.  Bovarton  Kedwood. 
The  analyses  are  given  below. ^ 

Water   (combined) 19.45 

Volatile   comVmstihle     26.60 

Fixed  carl>on   51.35 

Ash    2.60 

Sulphur     0.44 

100.44 

This  coal  yielded  52  per  cent  hard,  coherent  coke.  The  lignite  treat- 
ed as  an  oil  producer  (shale  industry)  yielded  a  very  large  quantity  of 
luminous  gas  of  great  illuminating  power  and  gave: 

Oil    (Holid   at    58°    F.) ^illons...      31.5 

AnniioFiiii  do 32.0 

Coke    hundredweight....      12.5 

T\m  coal  was  tested  at  Cavite,  T.  L,  April  18,  1902,  by  the  Navy 
steam  engineering  dej)artnu'nt  au<l  they  found  its  cfficiciu-y  to  he  nbom 
f)3  |>er  cent  of  Pocahontas  coal. 

The  following'  is  an  nruilysis  of  a  recent  Scimj>lc  collected  by  nie  : 

Moisture    6.81 

Volatih*  ('0!»il)ustil)h'  matter  45.45 

Fixed   carbon    45.92 

Ash 1.82 

Sulphur  .43 

Calories  6,681 

B.   T.    r 12,026 

Sibuguey  Hay,  which  1  visited  in  the  winter  of  l!)nT-<S  (see  Mineral 
iiesources,  1J)08)  and  again  in  February,  1911,  has  a  favorable  location, 
as  lighteio  can  go  up  the  Siay  River  (a  distance  of  about  20  kilometers 
from  the  sea)  to  within  100  meters  of  where  the  shafts  or  drifts  would 
in  all  probability  be  located.  For  outcrop  coal  it  has  a  more  prepossess- 
ing appearance  than  that  from  most  of  the  other  districts  with  the  ex- 
ception of  that  from  Dumanquilas  Bay,  Mindanao.  The  beds  are  tilted, 
but  not  so  much  as  in  other  localities  and  timber  is  very  plentiful  and 
close  at  hand.  The  country  is  still  a  wilderness,  and  it  is  not  altogether 
safe  for  white  men  to  live  there  except  in  some  numbers.  The  natives 
of  the  imnunliate  vicinity  (Subanuns)  are  fairly  quiet  and  friendly. 

These  coal  nu^asures  must  continue  around  the  head  of  the  bay  and 

^  Mr.    J.    C.    Buttertield.    t]irou<^h    Sir    Bovarton    Redwood    Laboratory.    West 
minster  Chambers,   13  Victoria  Street,  London  S.  W..  March   IL   1001. 
*  Analysis  by  Forrest  B.  Beyer.  Bureau  of  Science. 
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into  the  Zamboanga  IVninsula  where  the  prevailing  rook  is  a  eryatalline 
schist.  The  writer  fully  believes  drilling  at  indicated  points  on  thig 
peninsula  will  sliow  a  higher  grade  of  coal,  not  improbably  an  anthra- 
cite, as  a  result  of  the  great  compression  to  wliich  the  strata  in  this  re- 
gion have  been  subjected. 

DUMANgriI.A8   BAY. 

Since  my  first  visit  to  this  region,  when  1  predicted  that  somewhere  in 
the  Zamboanga  Peninsula  a  much  better  grade  of  coal  would  be  discovered, 
Mr.  Cleveland  has  located  a  semianthracite  coal  having  a  fixed  carbon 
content  of  8'^  per  cent  near  the  Tres  Montes  j)caks  on  Dumancpiilas  Hay. 
As  yet  only  a  0.5-meter  seam  has  been  uncovered,  but  the  field  is  a  promis- 
ing one.  The  following  is  a  synopsis  of  conditions  as  I  found  them  in 
February,  1911. 

Mr.  Cleveland's  claim  is  located  at  the  foot  of  the  eastern  peak  of 
Mounts  Tres  Reyes  near  Margosatubig  in  Dumanquilas  Bay  about 
5  kilometers  from  tide  water,  and  is  within  the  Moro  Province,  District 
of  Zamboanga.     It  is  about  200  kilometers  northeast  of  Zamboanga. 

The  country  is  rolling  in  outline  near  the  coast,  with  small  mountains 
to  the  west  with  a  plateau  country  at  elevations  of  from  100  to  150 
meters  in  front  of  the  mountains. 

The  surface  is  covered  with  a  light  forest,  usually  of  scH'ond  growth 
with  patches  of  big  timber  comprising  the  following  classes:  narra,  j/aral, 
and  pagatpat. 

Geology. — The  rocks  are  sedimentaries,  comprising  sandstones  and 
shales,  but  no  limestone  was  seen.  Probably  remnants  will  be  found  on 
the  neighboring  hill  tops;  the  sam'3  sequence  is  shown  here  as  found  in 
all  Philippine  coal  fields.  Volcanic  andesite  boulders  from  an  old  flow 
which  is  largely  eroded  but  lies  stratigraphically  above  the  coal,  are 
numerous  in  the  streams. 

As  less  than  four  hours  was  spent  in  this  vicinity  we  have  only  a 
limited  amount  of  data  regarding  this  prospect.  Practically  no  explora- 
tion and  no  development  work  has  been  done. 

The  coal  occurs  in  the  Tertiary  formation  and  only  one  seam  is  known, 
which  is  very  irregular  in  thickness,  between  0.33  and  0.5  meter. 

The  color  of  the  coal  is  steely-gray,  with  a  black  powder ;  the  luster 
is  very  bright:  it  sliows  a  fair  cleat  at  No.  1  outcrop.  At  j\o.  5  outcrop 
a  *Volumnar  basalt"  crystalization  occurs  in  the  coal,  apparently  per- 
pendicular to  the  bedding  planes,  in  long,  narrow,  live-  and  six-sided 
prisms  which  give  a  honey-comb  effect  on  the  surface.  As  the  clay 
below  is  apparently  unaltered  and  as  there  is  no  sign  of  igneous  rock  in 
immediate  contact  with  the  coal,  the  phenomenon  can  not  be?  easily  ex- 
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plained,  unless  the  coal  formerly  was  in  contact  with  a  volcanic  flow 
which  has  since  been  eroded. 

The  coal  is  said  to  coke  and  is  used  for  steam  and  forge  purposes. 

Analysis   of  coal  from    Dun\<in(ju\laf<   fi'iif." 

Per  cent. 

Moisture  1.85 

Volatile  combustible  matter  10.43 

Fixed  carbon  « 82.34 

Ash    5.3S 

Total    _    100.00 

Sulpur     (separately    determined) 0.82 

Noncoking  coal. 

Color  of  ash  Reddish  brown 

Calorific  value 7,G95 

80UTUEASTEBN  MASBATE. 

In  Spanish  times  more  or  less  exploration  was  carried  on  at  \jil)an^n<.i, 
about  an  hour's  stoaniing  from  Catainofan  Bay. 

In  1900  a  Manila  company  carried  on  more  or  less  exploration  work  here, 
having  a  geolo<^ical  survey  made  first  by  Mr.  H.  G.  Ferguson,  geologist  in  the 
division  of  mines,  Bureau  of  Science.  As  far  as  this  work  went  Mr.  Ferguson 
found  no  prohibitive  conditions,  but  later  work  by  Mr.  Kimball  revealed  some 
pinching  of  the  scams  near  the  outcrop.  However,  this  is  not  an  unusual  condition 
and  docs  not  condemn  the  property. 

Qeology, — The  rocks  of  this  field  consist  of  stratified  sedimentaries, 
shale,  sandstone  with  coal  scams,  and  limestones  as  follows : 

Gray  sandy  shale;  gray  impure  sandstone  weathering  to  dirty  yellow; 
buff -colored  limestone.  These  are  flexed  into  positions  varying  from  45° 
to  almost  90°, 

IJncomformablc  to  and  above  these  formations  is  a  white  limestone 
capping,  now  only  seen. in  residual  patches.  Occasional  blocks  of  ^^grit" 
were  seen  in  the  creek.  I  think  these  belong  with  the  coal  measure  series, 
as  I  have  seen  the  same  thing  on  the  west  end  of  Batan  overlying  and 
underlying  the  coal.  The  "nodular  limestone"  referred  to  by  Mr.  Fer- 
guson is,  in  my  opinion,  not  a  distinct  formation  and  can  not  be  used 
in  correlation. 

Not  enough  sections  or  excavations  were  seen  by  me  to  enable  me  to 
arrive  at  any  idea  of  the  thickness  of  these  formations. 

According  to  Mr.  Ferguson  the  formations  in  the  vicinity  of  Nabangig 
Creek  are  flexed  into  close  folds,  antilcines  and  synclines  striking  NW. 
and  SE. 

•  Analysis  by  Forrest  B.  Beyer,  Bureau  of  Science. 
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I  am  inclined  to  think  that  the  folding  is  not  as  close  as  represented 
by  Mr.  Ferguson,  as  I  do  not  believe  the  ''nodular  limestone**  can  be 
relied  on.  However,  I  must  state,  that  I  was  on  the  ground  only  two 
days  and  could  not  in  that  time  study  the  formations  as  carefully  as 
Mr.  Ferguson  could.  One  or  two  small  faults  are  inferred  by  Mr.  Fer- 
guson, but  I  had  no  opportunity  to  note  any,  however,  I  would  expect 
them  in  this  district. 

The  coal  occurs  in  the  upper  Oligocene  and  Miocene  of  the  Tertiary 
period. 

Coal  beds, — Mr.  Ferguson  assumes  that  there  are  three  distinct  seams. 
He  lists  65  outcrops,  of  which  10  are  reported  by  the  Spanish  engineer 
Abella  and  were  found  by  Mr.  Ferguson.  Of  the  remainder,  only  two 
showed  a  width  of  1.50  meters  or  more,  namely  No.  57,  1.55  meters  and 
No.  45,  2.05  meters.  The  first  he  says  is  on  the  upper  seam  and  the 
second  on  the  middle  one.  Mr.  Ferguson  thought  that  he  could  trace 
three  distinct  scams,  but  not  enough  development  work  was  done  to 
make  this  definite  nor  to  determine  with  any  exactness  tlie  quantity  of 
coal  which  could  be  assured. 

Quality  of  coal. — The  color  of  the  coal  is  black,  giving  a  black  powder. 
It  Fhows  a  satiny  luster  and  is  free  from  any  clay  or  snndy  parting  away 
from  the  outcrop;  it  is  firm  and  hard  and  shows  no  air  slacking. 

The  cleats  arc  said  to  be  well  marked  but  I  did  not  see  enough  in  the 
outcrop  to  enable  me  to  make  a  statement. 

Av<:rafje  analysis  of  Kahangig  coal.* 

Pop  cent. 

Moisture  4.87 

Volatile  combustible   40.50 

Fixed  carbon    44.18 

Ash    4.45 

MINDORO. 

At  Bulalacao  conditions  appear  to  be  not  essentially  different  from 
those  on  Batan,  the  geographic  location  is  favorable,  but  there  is  no 
otlicr  interest  there  to  make  it  worth  while  for  the  steamers  to  run  in, 
an  advantage  which  Cebu  enjoys.  Moreover,  the  coal  is  of  an  inferior 
grade. 

DINAGAT. 

Dinagat  Island  is  still  more  isolated.  I  visited  this  island  in  February, 
1911,  and  inspected  the  outcrops  near  Loreto,  but  found  that  the  visible 
seams  were  top  small  to  be  worked,  they  are  less  than  0.5  meter  in  thick- 
ness and  of  inferior  quality. 

'  Analysis  by  W.  B.  Gonder,  Bureau  of  Science. 
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LABOR    AXD    COSTS. 

The  average  wages  fur  the  various  classes  of  natives  (Hicols)  employed 
at  the  Batan  mines  are  as  follows  : 

Pesos  per  day. 

Mine  foremen  2.00 

Carpenters   1.50 

Miners    1.20 

Laborers  1.00 

Laborers  (outside)  0.80 

Pesos  per  mouth. 

Clerks,  storekeepers  30.00 

Firemen    30.00 

Engineers  40.00  to  60.00 

THE   CHEMICAL   AND   PHYSICAL    PUOPEUTIES   OF    PHILIPPINE   COALS. 

As  Dr.  Alvin  J.  Cox,  of  the  Bureau  of  Seience,  has  discussed  this  j)hase 
of  the  subject  1  shall  merely  refer  the  reader  to  his  articles.^  From  the 
analyses  given  in  this  report  it  can  l)e  seen  that  tiiero  is  consideral)le 
variation  and  that  we  have  true  bituminous  coal  as  well  as  lignites. 

UTILIZATION    OF   PHILIPPINE    COAL. 

Philippine  coal  can  be  used  in  the  following  ways:  ( 1  )  Burned  alone; 
(2)  mixed  with  better  coal;  (3)  in  gas  producers;  (4)  in  the  shape. of 
briquets. 

1.  Coal  from  Polillo,  Cebu,  and  Sibuguey  and  Dunumquilas  Bays, 
Mindanao,  can  stand  on  their  own  merits  and  be  burned  alone  for 
steaming  and  other  purj)oses.  They  are  all  bituminous  coals  with  the 
exception  of  the  coal  from  tlic  last-named  locality  and  that  would  more 
properly  be  called  semi-anthracite. 

2.  Coals  like  those  from  ea*st  Batan,  Mindoro,  and  Dinagat  while 
capable  of  being  burned  alone  in  properly  constructed  grates  are  materially 
improved  by  being  mixed  with  Australian  coal,  'ilie  Manila  Electric 
Light  and  li.  H.  Company  has  done  this  with  very  satisra<'tory  results 
in  the  case  of  Batan  coal.  These  coals  can  be  made  to  produce  much 
better  results  by  using  finer  grates,  longer  fire-boxes  and  some  device 
for  returning  the  unburned  gases  through  the  furnaces  before  passing 
up  the  chimneys. 

3.  Batan  coal  has  been  used  in  a  German  gas-producer  which  is  ex- 
pected to  be  on  the  market  very  soon.  One  of  these  has  been  bought 
by  the  Bureau  of  Science.  The  gas  producer  will  undoubtedly  play  an 
important  factor  in  the  future  of  Philippine  coal. 

4.  Experiments  on  the  briquetting  of  Philippine  coal  have  recently 
been  undertaken. 

^Min.  Resources  P.  I.  Bur.  Sri.  Div.   Min.   (1908),  34. 
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The  Bureau  of  Mine!*  in  Washington  is  now  exporiinonting  with  Phil- 
ippine eoal  in  perfeeteil  nuichines.  As  one  briquetting  nuiehine  costs  in 
the  neigliborhood  of  (»(),000  pesos,  the  Bureau  of  Science  lias  been  unabk\ 
owing  to  the  huk  of  funds,  to  take  up  this  important  line  of  investiga- 
tion on  a  hirge  scaU\  but  luis  done  what  it  couhi  with  the  apparatus  at 
hand. 

Coal  l)ri(|uets  liave  Iuhmi  made  botli  with  and  without  binckM's  in  the 
hiboratory  of  the  division  of  mines.  The  latter  method  is  not  usual! \' 
productive  of  satisfactory  results.  The  possible  binders  for  coal  briquets 
are  the  following:  (1)  IMtch ;  {'I)  starch;  (3)  molasses;  (4)  sugar  mill 
waste  (bagasse):  (5)  tar  from  gas  |)lants ;  ((J)  rice  polishings  (ti(pii- 
tiqui). 

The  first  and  fifth  in  this  list  are  out  of  the  (juestion  now,  for  we 
have  no  local  sup{)ly.  The  second  can  not  be  considered  lu^cause  starch 
will  bring  more  in  the  market  than  will  the  briquetted  coal.  No  molasses 
is  made  in  tlu?  Pbilij)pinos.  No.  4  might  be  utilized  but  has  not  been 
tried  so  far.  This  is  used  by  itself  as  fuel  in  the  sugar  distriitts.  The 
sixth  has  been  used  by  us  in  our  experiments  in  the  I^ureau  of  Science 
with  the  results  that  a  very  fair  bricpiet  has  been  made. 

Mr.  i^ratt's  results  will  b(»  found  in  the  appendix  at  the  end  of  this 
bulletin  on  page  7iK 

(M)N(UJ'SI()N. 

h)  conclusion  we  might  sum  up  the  unfavorable  and  the  favorable 
features  connected  with  the  subject  of  coal  in  the  Philippines.  The  less 
favorable  features  are : 

1.    Some  |)inching  of  the  seams  in  places. 

•^.  Weak  roof  and  tloor  in  some  fields. 

:i.   Inferior  grade  of  the  coal  in  some  of  the  more  acc^essiblc  fields. 

4.  The  labor  at  present  is  almost  unskilled. 

e5.  Difficulties  attending  exploratory  work,  such  as  the  jungle,  lack 
of  roads,  etc. 

The  more  favorable  features  are: 

1.  An  exceptionally  good  local  market. 

2.  Cheapness  of  the  labor  (per  diem).     1'he  labor  is  easily  managed. 

3.  Abundance  of  timber. 

4.  Distance  from  possible  competitors. 

Whether  these  last  named  can  ofTset  the  first  is  only  to  be  ascertained 
by  actual  trial.  The  writer  believes  they  can  and  that  coal  mining  can 
be  carried  on  at  a  profit  in  the  l*hilippines. 

Any  estimates  of  the  amount  of  workable  coal  available  in  the  different 
fields  would  be  only  guesses  in  the  absence  of  more  development  work. 
There  seem  to  be,  however,  many  million  tons  which  can  be  extracted 
from  the  total  area  of  land  in  the  Archipelago  underlain  by  coal. 
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It  must  be  said  that  the  present  mining  laws  are  not  as  favorable  to 
capital  as  they  might  be.  A  remedial  bill  is  now  before  the  Congress 
of  the  United  States,  and  it  is  sincerely  to  be  hoped  that  it  will  become 
a  law.  Certainly,  the  Government  should  recognize  the  importance  of 
making  some  concessions  in  order  that  capital  will  be  encouraged  to 
come  in  and  develop  this  most  important  resource. 

LIST   OF    WOODS    VXD   TTTETR   BOTANICAL    NAMES. 

1.  Narra  ^Fterocarpus  indicus  Willd. 

2.  Dagon  —  ?  Tariietia  sylvatica  Merr. 

3.  Molave  =  Viiex  parviflora  Juss. 

4.  Guijo  =S}u)rca  guiso  Blume. 

5.  Mangachapuy  =Fa/tca  mangachapoi  Blume. 

6.  Putian  =kSideroxylon  (  ?) 

^  IN^aucaon  I      »/  •      7  •       /    t 

(Bacauan  |  '  ^  ^ 

8.  Pagatpat  =^So7meraiia  pagatpat  Blanco. 

9.  Yacal  =llopca  plagata  Vid. 


IKON  IN  THE  PHILIPPINES. 


Bv  VVabben  I).  Smith  and  Paul  R.  Fanning. 


I*if/  iron  imported  into  the  Philippine  Islands  in  1910. 


Hnited  KinK«l<Mn 

('hinn 

llnngkoiiK  . 

Total 


Kihw. 


943,853 
r»O.KO() 
r>4,9Cl 


1,049.114 


Value  In 
pesos. 

770 
1,133 


17.364 


No  pig  iron  is  produced  in  the  Philippine  Islands,  except  a  very 
limited  quantity  by  the  natives  of  Bulacan  Province.  If  our  manu- 
factures increase,  we  must  produce  our  own  iron,  and  to  produce  it  wo 
must  have  coking  coal.  We  have  found  scarcely  any  up  to  the  present 
time,  so  the  development  of  one  should  go  hand  in  hand  with  the  other. 

The  places  where  promising  iron  ore  bodies  have  been  found  are  as 
follows:  Near  Mambulao  in  Ambos  Camarines;  in  the  hills  back  of  Boso- 
boso,  in  Kizal  Province;  at  Lanatin  and  Angat  in  Bulacan.  There 
seems  to  be  a  well  defined  belt  running  from  Ambos  Camarines  north 
along  the  Eastern  Cordillera.  How  much  farther  north  than  Angat 
it  extends  we  do  not  know.  The  deposits  of  Bulacan  have  been  described 
in  several  places,  those  at  Angat  by  H.  D.  McCaskey,*  former  Chief  of 
the  Mining  Bureau;  those  at  Lanatin  by  Dr.  G.  I.  Adams.-  Those  at 
Bosoboso  have  never  been  exploited.  The  deposits  near  Mambulao  have 
received  a  preliminary  examination  from  Paul  R.  Fanning,  assistant, 
division  of  mines,  Bureau  of  Science. 

The  deposit  of  hematite  takes  its  name  from  its  occurrence  on  Calum- 
bayanga  Island  where  the  exposures  are  particularly  conspicuous.  This 
island  is  situated  some  G  kilometers  west  of  the  town  of  Mambulao,  l^rov- 
ince  of  Ambos  Camarines,  Luzon,  Philippine  Islands.  It  lies  at  a  point 
about  200  kilometers,  nearly  due  cast  of  Manila  and  may  be  reached 


^Dull.  P,  I.  Mining  Bur.  (1903),  No.  3. 
*  Philip.  Joum.  Set.  Sec.  A  (1010),  5,  67. 


67 


58 

overland  in  two  or  three  days,  or  in  three  days  by  coastwise  boat.  The 
immediate  area  is  of  moderate  relief  and  the  hills  to  a  great  extent 
represent  base  leveling. 

As  can  be  seen  from  the  map,  the  island  is  not  very  large  and  has  an 
elliptical  base  perimeter  of  about  4  kilometers.  The  axis  of  the  hill  is 
orientated  north w^ard  by  reason  of  the  northward  strike  of  the  hard 
hematite  outcrop.  An  elevation  of  about  85  meters  above  sea  level  is 
attained  toward  the  northern  end  of  the  island.  Between  the  island  and 
the  mainland  there  is  a  shallow  sheet  of  water  al)Out  1  kilometer  wide. 
It  is  probable  that  the  hematite  is  there  covered  by  a  coral  reef  which 
hides  its  extension  to  the  adjacent  mainland.  On  the  mainland  th(^ 
outcrop  quickly  attains  a  persistent  elevation  equal  to  that  on  the  island. 

Several  small  streams  are  found  on  the  island,  but  the  amount  of  water 
is  small  owing  to  the  limited  catchment  area.  During  the  rainy  season, 
for  perhaps  six  months  in  the  year,  there  should  l)e  no  difficulty  in  ob- 
taining an  abundant  supi)ly  of  water  for  all  mining  ])urp()ses.  Water 
in  abundance  occurs  on  the  mainland,  and  at  an  elevation  sufficient  to 
pipe  to  the  island.  This  can  be  secured  during  the  entire  year.  The 
whole  region  is  covered  by  the  usual  dense  tro{)ical  forest  and  other 
vegetation.  Many  of  the  native  woods  are  extrenu'ly  hard  and  dural)le 
and  serve  excellently  for  mine  or  general  construction  timbers. 

Soil  of  a  possible  thickness  of  3  meters  occurs  generally  over  the  area, 
except  on  the  hematite  where  owing  to  the  resistent  nature  the  soil  is 
somewhat  thinner  and  is  made  up  mainly  of  softer  hematite  or  limonite, 
mixed  with  innunujrable  boulders  of  the  harder  hematite.  Indeed  a 
striking  feature  of  the  formation  is  the  size  and  quantity  of  these  boulders. 

Calumbayanga  Island  seems  to  be  entirely  comprised  of  sedimentaries 
in  which  the  hematite  occurs.  The  strata  to  the  ea.stward  give  evidence 
of  a  shallow  water  deposition,  and  are  now  of  an  impervious  nature  which 
to  some  extent  may  have  had  an  influence  on  the  formation  of  the  hematite. 
The  origin  of  the  latter  is  as  yet  a  matter  of  conjecture,  but  the  evidence 
suggests  that  the  iron  was  originally  leached  from  the  basic  schist,  carried 
to  shallow  water,  precipitated  there,  and  later  concentrated  by  descending 
waters  adjacent  to  the  impervious  shale  and  conglomerate. 

The  ore  can  be  traced  for  a  distance  of  over  3  kilometers  and  on  the 
surface  where  revealed  by  true  outcrops  the  width  varies  up  to  15  meters. 
Owing  to  the  scarcity  of  true  outcrops  it  can  not  now  be  said  that  this 
is  the  average  width,  and  because  of  the  mode  of  formation,  the  probability 
is  that  the  outline  of  the  deposit  is  quite  irregular.  The  trend  of  the  ore 
body  is  N,  10°  W.,  that  is,  parallel  to  the  sedimentaries.  The  dip,  if  con- 
formable with  this,  will  be  70°  to  the  southwest. 
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The  (quality  of  tho  honiatito  is  shown  hy  the  following  analyses  nunl(» 
hv  Mr.  DarJuaii,  Bureau  of  Seieiiee: 


('oiiKtiluent. 


Inm 

Phospliorus 
Sulphur  


SHmple  No.- 
1  2. 

/Vr  rmt.  •  Prr  rrnt. 
f)7. 11  68.  6« 

o.aa        0.005  { 

I        0. 188  0. 070 


0.  (»W< 
0.067 


Sample  No.  1  is  a  mixture  of  pieces  broken  from  many  l>oulder8  and  a  few  out- 
crops along  a  distance  of  1,000  meters  on  the  island. 

Sample  No.  2  is  a  mixture  of  many  pieces  broken  from  boulders  along  a 
distance  of  500  meters  on  the  adjacent  mainland. 

Sample  No.  3  is  a  single  lump  specimen. 

Other  analyses  have  shown  an  iron  constituent  averaging  60  per  cent. 

The  hematite  is  very  ('oiii[)uet  and  liard,  and  in  appearanee  is  veiy 
similar  to  the  hard  Lake  Superior  ore  sueh  as  that  from  the  Vermilion 
Range,  Minnesota.  Some  specular  hematite  in  flat  crystals  is  occasionally 
seen  and  a  small  amount  of  magm^tite  is  not  infrc(|uent. 

The  quantity  of  hematite  can  not  he  estimated  at  the  })resent  time 
hecause  experience  of  other  fields  where  enormous  (piant ities  were  indicate<l 
on  the  surface  shows  that  they  may  not  he  realized  at  depth.  Whether 
or  not  this  will  he  triu*  for  this  formation  is  a  matter  for  future  develoj)- 
ment  to  determine. 

The  factors  involved  in  an  estimation  of  the  cost  of  mining  this  ore  arc 
as  yet  too  uncertain  to  approximate  any  just  figure. 

The  ore  ahove  sea-level  will  easily  he  drained  hy  tunnel  and  no  pump- 
ing will  be  necessary.  The  proximity  to  the  sea  should  not  he  a  very 
serious  factor  in  pumping  at  depth,  owing  to  the  impervious  nature  of 
the  sedimentaries.  For  the  present  it  will  probably  be  advisable  to  shij) 
the  ore  rather  than  to  smelt  near  the  mine.  FTowever,  soft  coal  (non- 
coking)  and  limestone  can  be  had  at  a  low  cost.  The  island  is  so  situated 
as  to  afford  a  safe  harbor  sheltered  from  all  typlioons,  and  a  dock  to  deep 
water  can  easily  be  constructed. 

Conclusions. — The  surface  indications  are  excellent,  yet  the  amount 
and  quality  of  the  ore  are  unknown.  Tt  is  unquestionable,  however,  that 
the  property  is  worthy  of  extensive  development. 

BULACAN   DEPOSITS. 

From  our  examination  of  the  Bulacan  deposits  we  can  say  that  they 
are  very  irregular  and  occur  with  igneous  rocks  of  the  Eastern  Cordillera 
as  local  enrichments  from  the  alteration  of  chalcopyrite  and  other  iron 
bearing  minerals  of  that  formation.     The  ri(!h  pockets  which  we  exam- 
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ined  near  Angat,  and  from  which  the  natives  mine  their  ore,  are  located 
along  fractures  in  the  formation.  To  make  a  thorough  examination  of 
these  deposits  would  necessitate  a  considerable  amount  of  capital  and 
involve  the  use  of  the  diamond  drill.  While  the  natives  of  Angat  get 
very  fair  returns  from  their  crude  operations,  the  exploitation  of  these 
deposits  can  not  successfully  be  carried  on  except  by  a  large  company. 

We  mentioned  above  the  use  of  coking  coal.  The  amount  of  coke  neces- 
sary for  the  reduction  of  the  iron  oxide  has  been  materially  reduced  by  the  in- 
vention of  a  specially  constructed  electric  furnace  which  was  first  operated  in 
Sweden.  In  such  a  furnace,  where  formerly  it  required  1,000  kilograms  of  coko 
to  reduce  a  given  amount  of  iron  ore,  only  275  kilograms  now  are  needed.  This 
brings  up  the  question  of  the  development  of  electricity,  and  unless  it  could  be 
transmitted  from  Manila,  water  power  facilities  would  have  to  be  sought  in  the 
Bulacan  mountains  where  they  undoubtedly  exist. 

The  production  of  iron  ore  in  the  year  1910  amounted  to  t>0,023.00 
pesos.  The  largest  producer  is  Dona  Maria  Fernando,  a  Tagalog  woman 
living  in  Angat.  During  the  autumn  and  winter  months  a  party  from  the 
division  of  mines  will  make  a  geological  survey  of  the  Bulacan  field  and 
by  means  of  the  dip  needle  attempt  to  trace  the  iron  formation. 


PRODUCTION  OF  NONMETALLIC  MATERIALS  IN   1910. 


By  Walla (.'K  E.  Tbatt. 


The  production  of  noiimetullic  iiiineials  in  TJIO  is  greater  than  in 
IJ)09,  largely  because  of  the  gradually  increasing  use  of  strong  materials 
in  construction  in  the  Philippines. 

Stone. — Crushed  stone,  as  a  building  nuiterial,  is  used  principally  in 
reinforced  concrete  work.  Very  little  cut  or  dressed  stone  lias  been 
employed  since  the  Spanish  regime.  While  river  gravel  is  more  widely 
used  in  concrete  aggregates  owing  to  its  lower  cost,  crushed  stone  is 
employed  in  the  best  class  of  construction.  The  greatest  consumption 
of  crushed  stone  at  present  is  as  road  metal.  The  city  of  Manila  uses 
nearly  60,000  cubic  meters  a  year  for  this  purpose. 

In  order  to  secure  a  better  stone,  the  old  city  quarry  on  Talim  Island  has  been 
discontinued  and  a  contract  for  next  year's  supply  entered  into  with  a  local 
company  which  will  operate  a  quarry  in  Cavite  Province  near  the  mouth  of 
Manila  Bay.  The  Bureau  of  Public  Works  used  about  40,000  cubic  meters  of 
crushed  stone  in  building  and  maintaining  provincial  roads.  The  cost  of  cruHlied 
stone  exclusive  of  transportation  varies  from   1.50  to  2.50  pesos  per  cubic  meter. 

Rough  atone. — The  Sisiman  quarry  has  8uj>plied  hIkjuI  00,000  cubic  mcterH  of 
rough  stone  (andesite)  for  use  in  the  building  of  tiie  Manila-Cavite  Boulevard, 
and  the  Fort  McKinley  Quarry  has  furnished  18,000  cubic  meters  of  Guadalupe 
stone   (volcanic  tu(T)   which  is  used  as  a  Iwisal  course  in  Manila  pavements. 

Gravel. — Gravel  is  used  extensively  as  bnllnst  by  the  railroad  companies  and 
in  concrete  construction.  The  average  price  paid  for  gravel  exclusive  of  transpor- 
tation is  about  O.HO  peso  per  cubic  meter.  The  Bureau  of  Public  Works  used 
223,800  cubic  meters  of  gravel   in   1910  as  compared  with  325,000  in    1009. 

Sand. — Sand  is  used  in  general  construction  and  by  the  railroads  in  surfacing 
road  beds.  The  Manila  supply,  as  in  past  years,  has  been  obtained  mainly  by 
dredging  along  the  Pasig  River.  The  cost  of  the  sand,  exclusive  of  transportation, 
varies  from  0.20  to  0.75  peso  per  cubic  meter.  It  is  delivered  in  Manila  at 
prices  ranging  from  0.90  to  1.30  pesos  per  cubic  meter. 

Lime. — Lime  for  Manila  consumption  conies  principally  from  Binangonan, 
Rizal  Province,  where  it  is  burned  from  a  pure  limestone.  The  product  is 
usually  partly  slaked.  It  is  probable  that  as  the  gold  mining  industry  grows, 
a  demand  for  lime  will  arise  for  use  in  neutralizing  solutions  from  acid  ores  in 
cyanide  mills.  Lime  is  burned  for  local  use  at  many  places  throughout  the 
provinces.  All  the  lime  employed  in  the  sugar  industry  of  Panay  and  Negros 
comes  from  Guimaras  Island  limestone,  which,  as  Mr.  H.  S.  Walker  of  the 
Bureau  of  iScience  has  shown,  contains  too  much  magnesium  carbonate  to  be 
well  adapted  to  this  purpose. 
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Clay  products. — The  pottery  induHtry  has  received  si  decided  impetus  from 
the  industrial  work  of  the  Bureau  of  Education.  Several  students  from  the 
pottery  school  at  Santa  Cruz,  Lajjpma,  are  building  a  kiln  at  Majayjay  and  will 
engage  in  the  business  of  manufacturing^  common  ware  for  sale. 

The  pottery  school  at  Santa  Cruz,  under  the  principalship  of  Mr.  C.  H.  Crowe, 
has  kindly  supplied  the  division  of  mines  with  some  firing  tests  of  the  clays 
submitted  to  it,  from  which  the  following  table  is  compiled. 

Firing  teats  of  clays. 

ShrlnkflKe. 
Air.  Fire.  Air.         I         Fire. 


('Ill  vs. 


Color. 

I 


Remarks 


Percf 

nt. 

'  /Vr  r< 

nt. 

! 

»»0  per  cent  I^oh  Haftos  crude  . .  j 

30  per  cent  Santa  Cniz 1 

3 

Gray 

'  f  iirhi  »>ri«.k  7^emirefractory    fire 
Ligfilbruk.^    brick. 

10  per  ceut  Santa  Cm/  fine    f 

*' 

Hand.                                         1 

(>6i  per  cent  Matiqiiio  cnidc   i 

riay.                                            1 

H 

do 

i  cr.iv                rSemi refractory   fire 
1    '^-  ,\    brick. 

33J  per  cent  Santa  Cruz  fine    f 

1 

sand.                                           I 

1 

I  locos  Norte  clay  No.  1,   -  

11 

1 

White 

White  With    si  JK'ht    re- 
composing     will 
make  porcelain. 

Zambalcs  N().  1 \ 

:> 

3 

Li^hl  Kray. 

,              /Suitable   for    por 
''*•    ---    1    celain. 

Zambalcs  No.  3 

■\ 

1 

Wfjite 

do 

1 

The  industrial  division  of  tlie  Bureau  oT  Kducation  has  collected  sta- 
tistics wdiich  show  that  pottery  is  luaiiut'actured  in  261  towns  in  the 
IMiilippines,  exclusive  of  the  Moro  Province.  Of  these  towns,  127  ex- 
port pottery  to  the  neighboring  towns  and  provinces.  The  manufacture 
of  hrick  is  reported  from  8  towns. 

In  the  manufacture  of  brick  the  Filipino  employs  a  beeliive-shaped  kiln 
usually  made  of  Ouadalupe  stone  (volcanic  tuff)  luted  with  clay.  These  kilns 
vary  in  size  from  a  capacity  of  30,000  to  50,000  bricks.  They  are  fired  from 
a  single  port  which  opens  into  a  firebox  below  the  j^'eneral  level  of  the  kiln 
lloor.  The  flues  pass  from  beneath  the  floor  of  the  kiln  to  a  detached  stack  so 
that  the  firing  is  ''down"  draft  in  principle.  Wood  ( faj^'^jjots)  is  used  for  fuel. 
One  firing  taken  about  two  weeks  and  requires  from  150  j)es(>s  t<>  200  pesos  wortli 
of  fire  wood. 

The  clay  used  is  usiuUly  alluvial  and  is  prepare!  for  moulding  by  tramping 
with  carabaos.  Bricks  are  moulded  in  hand  presses  and  are  dried  under 
cover  for  about  three  weeks.  Brick  moulders  (two  men)  turn  out  about 
3,000  bricks  per  day  for  which  they  receive  0.75  pesos  per  thousand. 

The  product  is  a  soft,  red  brick  suitable  only  for  li<rht  use.  The  industry 
centers  around  Manila  and  lloilo.  The  production  at  Iloilo  is  about  500,000 
bricks  per  year,  which  are  largely  used  in  sugar  mill  construction. 

A  well  constructed  continuous  process  brick  kiln  of  modern  design  is  standing 
idle  on  the  Pasig  River  near  Manila.  It  is  a  down-draft  kiln  using  coal  for 
fuel  and  has  12  chambers  each  of  8000-brick  capacity,  communicating  with  a 
central  stack.  Evidently  this  kiln  was  built  by  its  owners  before  tlfey  lenrned 
that  the  clay  available  to  it  would  not  stand  the  high  temp<"rature  which  the 
kiln  aflforded. 
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The  status  of  brick  manufacture  remains  unchanged.  There  is  little  demand 
for  the  inferior  brick  burned  in  native  kilns.  If  a  suitable  vitrified  brick  were 
produced  it  should  find  a  considerable  market  as  a  paving  material  in  Manila, 
Cebu,  and  Iloilo.  The  brick  on  the  market  in  Manila  sells  for  15.00  pesos  to  26.00 
pesos  per  thousand. 

Salt. — Unrefined  salt  is  produced  by  the  natives  all  over  tlie  Archi- 
pelago from  tlie  evaporation  of  sea  water,  a  process  which  is  described  in 
Mineral  Resources  for  1909.  In  the  Asin  Valley,  in  northern  Luzon, 
the  Ifugao  people  utilize  the  water  from  a  salt  spring  for  making  salt. 
The  importation  of  salt  into  the  Philippine  Islands  amounted  to  113,510 
pesos  worth  during  the  fiscal  year  of  1910. 

Cement. — The  importations  of  cement  during  the  last  calendar  year 
amounted  to  333,592  barrels  (380  pounds  net).  Cement  is  worth  about 
5  pesos  per  barrel  on  the  Manila  market.  Capital  has  finally  become 
active  in  the  matter  of  manufacturing  cement  in  tlie  Philippines,  and 
preliminary  investigations  as  to  the  most  advantageous  location  for  a 
plant  are  under  way.  The  present  consumption  would  afford  a  market 
for  the  entire  output  of  a  small  mill,  and  with  the  cost  reduction  which 
should  result  from  local  manufacture,  the  consumption  would  be  greatly 
increased. 

STATISTICS   OF   PRODUCTION. 

Nonmetallic  materials  produced  in   1908,   1909,  and  1910. 
[In  pesos  Philippine  currency.] 


Stone -.- 

Product. 


1908 

149.980 
171.«f>0 

•20,000 

Gravel 

Kand                           _    __                                                              ._      

Lime* _- _ _ - 

Salt*       .                        -     -        - 

1900 


811,177 
2H9,WS0 
85,500 
69,  (ityQ 
875.86M 


lOlU 


872,  M5 

282,  -usg 

60,997 
70,000 
880,000 


•  Estimated  for  1910. 

Importations  of  cement. 

[In  pesos  Philippine  currency.] 


lOOH 


1,384,202 


1909 


1,654,674 


1910 


1,667,960 


Precious  stones. — Recently  some  fragments  of  three  gem  stones  have 
been  brought  in  by  a  prospector,  Mr.  Cunningham,  who  states  that  they 
were  found  in  Mindanao.  They  belong  to  three  species:  beryl  (emerald 
variety),  spinel  ruby,  and  garnet.  It  is  the  intention  of  Mr.  Cunningham 
to  continue  his  explorations. 
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TAYABAS  OIL  FIELDS. 


By  F.  T.  Eddinofielu. 


No  more  is  known  now  about  the  actual  probability  of  finding  oil  in 
Tayabas  than  was  known  a  year  and  a  halt*  ago.  At  that  time  there 
was  a  great  rush  into  this  field,  hundreds  of  claims  were  located,  and 
many  companies  formed;  since  which  time  each  company  has  been 
waiting  on  the  other  for  further  work  and  development.  One  company 
indeed  erected  a  boring  I'ig,  but  so  far  as  is  known  only  very  little  work 
has  been  done.  Although  it  is  not  known  that  oil  really  exists  in  paying 
quantities  in  Tayabas,  neither  is  it  known  that  it  does  not ;  consequently 
the  locators  for  the  most  pait  still  retain  their  claims.  An  article 
published  in  the  appendix  to  the  report  of  the  Philippine  Commission 
for  the  year  1908,  gives  the  following  data  : 

"From  these  preliminary  prospects,  which  on  analysis  proved  that  the  in- 
dications pointed  to  a  high  grade  of  oil,  the  interested  parties  have  pushed 
forward  their  work  on  a  more  extensive  scale.  The  Tayabas  Mutual  Oil  Associa- 
tion was  organized,  with  Mr.  E.  W.  McDaniel  as  managing  director,  and  pro- 
specting work  was  carried  on  in  more  efficient  manner. 

"Under  the  supervision  of  Mr.  McDaniel  drilling  has  been  commenced  and 
a  hole  sunk  to  the  depth  of  127  feet,  using  a  3|  inch  by  2^  inch  by  3-foot  bit 
[probably  a  misprint,  as  a  5-inch  bit  was  used],  operated  by  a  hand  power 
spring  pole  and  duplex  block  attachment.  The  first  oil  sand  occurred  at  a  depth 
of  62  feet  and  continued  through  G  feet  to  a  depth  of  08  feet.  From  this 
stratum,  using  the  mud  bailer  as  a  pump,  46  gallons  of  crude  oil  of  an  excellent 
quality  was  secured  in  one  day's  work,  and  samples  sent  to  the  Government 
laboratory  at  Manila  for  analysis.  The  analysis  is  given  at  the  conclusion  of 
this  article.  Owing  to  the  crumbling  nature  of  the  formation  above  and  below, 
this  oil-bearing  stratum  was  cased  out  and  the  well  drilled  to  its  present  depth 
of  127  feet  and  the  casing  extended  down  to  103  feet.  The  second  oil  stratum 
was  found  at  a  depth  of  117  feet  extending  downward  5  feet  or  a  depth  of 
122  feet.  The  yield  of  oil  of  this  depth  was  practically  the  same  as  that  of 
the  first  stratum,  but  a  satisfactory  pumping  test  could  not  be  carried  out  with 
the  mud  bailer,  there  being  no  other  appliance  at  hand. 

"From  hydrometer  tests  made  in  the  field  by  Mr.  McDaniel  with  thermometer 

at  32°  C,  and  clear  water  specific  gravity  at  .9995  the  sample  of  crude  petroleum 

from  the  62-foot  depth  showed  a  specific  gravity  of  .803.     A  sample  of  petroleum 

from  a  can  of  the  Comet  brand  at  the  same  time  showed  a  specific  gravity  of 
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.8005.  Sample  of  oil  from  the  127'foot  depth,  with  thermometer  ^  2$*  C, 
showed  specific  gravity  was  .803  and  a  sample  of  petroleum  from  a  different  can 
of  the  Comet  brand  at  the  same  time  showed  .801. 

"An  analysis  of  the  oil  from  the  Bayhay  field  (the  sample  being  taken  from 
the  62-foot  stratum)  made  by  the  Bureau  of  Scienct»,  Government  laboratory  in 
Manila,  during  April,  1006,  shows  the  following  report  on  analysis  of  crude 
petroleum.  Specific  frrnvity  of  original  sample  30**  fractional  distillation;  A, 
90° -150*'  C\=  0  per  cent  of  49*  BI.;  B.  160'— 300*»  C.=  67.6  per  oent  (B 
refractionated)  ;  B.  I,  150''  — 185*  C.=20  per  cent  of  44 **  Bl.;  B.  11,  185" -250*  C.= 
28.6  per  cent  of  aS**  Bl. ;  B  III,  250*'-300**  0.=  19  per  cent  of  27*'  BL;  C, 
fraction  not  boiling  at  300''  C.  was  redestilled  in  vacuum  (6  to  8  mm.  pressure)  ; 
170°— 300°  C.=  23  per  cent  of  18°  Bl.  per  cent;  D,  residue  of  tar.  etc.  =3 
per  cent.      (Signed,  Herbert  S.  Walker,  Analyst.)" 

Another  small  well  was  driven  by  Mr.  Cook  on  the  Vigo  river  to  a  depth  of 
70  feet  and  a  small  showing  of  oil  obtained. 

A  short  report  on  thin  district  was  made  by  Geo.  I.  Adams,  geologist,  Bureau 
of  Science,  in  1909. 

In  January  Mr.  Wallace  K.  Pratt  and  myself  uiade  a  hasty  examina- 
tion of  the  geology  of  a  swtion  of  Tayabas  from  Catanauan  to  San 
Narcipo  and  from  Mantataja  to  Cabuajan.  The  most  important  feature 
of  this  examination  was  the  discovery  of  an  outcrop  of  igneous  rock 
near  the  Vigo  Kiver  and  another  at  a  point  eight  kilometers  west  of 
San  Narciso.  This  discovery  makes  it  very  doubtful  if  much  oil  can  be 
found  on  tlie  east  coast,  altliough  it  is  impossible  to  tell  just  how  much 
of  the  country  is  affected.  There  have  been  large  oil  fields  in  the  United 
States  found  within  a  mile  or  two  of  igneous  rock.  The  effect  of  igneous 
rock  is  shown  in  figure  3,  which  represents  in  part  the  probable  condition 
at  the  Vigo  River.  Here  the  igneous  rock  has  come  up  through  the 
scdimentaries  breaking  and  bending  them,  finally  standing  uj)  as  a  high 
cliff  easily  seen  from  the  river. 

The  northern  outcrop  west  of  San  Narciso  is  a  small  showing  stick- 
ing up  through  the  rogon  grass  west  of  the  coast  range  of  mountains, 
it  appeared  to  have  been  exposed  by  the  weathering  away  of  the  shales 
surrounding  it.  The  line  joining  these  outcrops  is  parallel  to  the  coast, 
from  which  one  might  infer  that  the  eastern  coast  range  was  raised 
by  the  igneous  intrusion.  This  is  further  strengthened  by  the  fact  that 
igneous  roctks  are  also  found  to  the  north  at  Peris  and  to  the  south  near 
the  point  of  the  peninsula,  but  none  has  ever  been  reported  in  the 
interior. 

The  sedimentaries  which  occur  in  this  area  are  of  tertiary  age  and 
consist  of  shales,  sandstones,  and  limestones.  The  shales  are  for  the 
most  part  much  folded  and  twisted  and  seem  to  underlie  the  sandstone 
and  limestones. 

The  section  from  Mantataja  to  the  Vigo  showed  two  synclines,  an 
anticline  in  the  middle  and  a  monocline  or  section  of  an  anticline  at  each 
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end  as  repreBented  in  figure  3.     On  the  west  are  limestones  dipping 

45°  to  the  east,  followed  by  almost 
flat  beds  of  sandstone,  then  shales 
dipping  about  30°  to  the  west. 
From  this  point  several  minor 
folds  seem  to  occur  until  Cabua- 
jan  is  reached,  which  is  in  another 
syncline  with  shales  on  the  west 
dipping  45°  to  the  east,  flat  beds 
in  the  center,  and  on  the  east 
shales  and  sandstones  dipping  45° 
to  the  west.  On  the  northern 
part  of  the  barrio  are  shales  strik- 
ing east  and  west  and  dipping 
40°  to  50°  to  the  south  as  if 
I  t'orming  another  anticline. 
^  Far  the  I*  soutli  toward  the  Bav- 

^  hay  the  formation  changes  to 
I     massive    beds    of    limestone    and 

0  sandstone  dipping  about  5°  to  the 
^  southeast,  and  striking  about  N. 
rt  35°  F.  These  beds  continue  for 
=  miles  to  the  south  and  east  and 
3  present  a  beautiful  fonnation  for 
-  oil  accumulation,  if  that  below  is 
5  similar.  However,  they  seem  to 
i  overlie  the  folded  shales  in  such 
5     a  way  as  to  indicate  an   uncon- 

1  formity  (Fig.  4).  Therefore,  the 
j"  strikes  and  dips  of  the  beds  would 
^  be  no  indication  of  the  strikes 
^     and  dips  of  the  oil  bearing  sands 

below.  It  is  a  characteristic  of 
the  rest  of  the  district,  also,  that 
almost  all  the  high  points  are 
composed  of  beds  of  sandstone 
and  limestone.  At  San  Narciso 
this  is  particularly  well  shown. 
The  sandstone  and  limestone 
cover  the  ridge  to  the  west,  dip- 
ping with  the  slope  of  the  ridge, 
forming  a  syncline  in  the  bay  and 
again  rising  and  covering  the 
ridge  on  the  San  Narciso  pen- 
insula. 
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However,  if  the  assumption  is 
by  the  intrusion  of  the  igneous,  \t 
the  coast  were  valuable  for  oil. 

Oil  seepages  have  been 
been  found  in  several  partvS 
of  the  ])eninsuUi.  One. 
near  the  Ajus  occurs  in 
shales  dipping  45^  to  the 
east  and  striking  ahnost 
north  and  south.  Another 
one  is  reported  near 
Bondoc*  on  the  west  coast. 
Several  have  becMi  found 
near  the  Vigo  and  Baybay 
Kivers,  and  one  near  Gui- 
nayungan.  A  gas  bUnv- 
out  was  reported  near  the 
southern  point  of  the 
peninsula.  . 

Oil  seepages  have  been 
found  in  Pangasinan,  and 
Tayabas  Provinces,  Luzon, 
and  in  l^anay,  Cebu,  Mns- 
bate,  and  Mindoro.  Oil 
bas  been  found  in  paying 
quantities  in  Borneo  and 
also  in  Sumatra,  islands 
near  the  Philippines. 

Conclusions. — Owing  to 
the  intrusion  of  the  igne- 
ous, it  would  not  be  prob- 
able that  any  commercial 
quantity  of  oil  would  be 
found  on  the  eastern  « 
wBt^tem  coast  range,  for 
the  strata  nearby  would  be 
squeezed  up,  and  possibly 
be  deprived  of  their  oil  by 
pressure  or  heat,  yet  it 
might  prove  favorable  to 
oil  accumulation  at  a  dis- 
tance of  a  kilometer  or  so 
on  account  of  the  basin 
formed  by  the  folding  of 
the  sedimentaries. 


correct^  that  the  coast  range  was  raised 
would  be  very  doubtful  if  the  land  near 
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The  oil  samples  from  this  district  show  oil  of  such  a  high  grade  that 
it  would  seem  to  have  been  refined  in  its  upward  passage  through  the 
rocks  and  would  indicate  that  as  yet  the  true  oil  sands  have  not  been 
tapped. 

The  portion  of  the  peninsula  near  the  central  anticline  should  prove 
a  favorable  location  for  a  test  hole. 

Surface  showings  are  as  good  as  are  usually  found  near  large  oil 
centers,  and  give  as  good  a  chance  of  finding  oil  as  many  of  the  large  oil 
districts  in  the  United  States  seemed  at  first  to  offer. 


PHILIPPINE  PLACERS. 


By  It  Y.  Hanlon. 
{Of  Cole  and  Hanlon,  Consulting  Engineers,  Manila,) 


Gold-bearing  alliivials  have  boon  discovered  in  many  widely  scattered 
localities  throughout  the  Islands  from  northern  Luzon  to  Mindanao, 
but,  with  the  exception  of  the  Paracale,  Gumaus,  and  Malaguit  districts 
in  Camarines  Province,  Houtheastern  Ijuzon,  very  few  reliable  data  or 
information  other  than  those  contained  in  the  old  Spanish  reports  are 
available. 

Recently  the  northern  coast  of  Mindanao  in  the  vicinity  of  Surigao 
and  Cagayan  has  been  attracting  attention,  and,  if  the  reports  from 
these  places  are  to  be  credited,  large  areas  of  hydraulic  and  dredging 
ground  may  be  developed  in  the  near  future. 

The  district  of  Nueva  Ecija,  some  95  kilometers  north  of  Manila, 
contains  thousands  of  acres  of  gravel  deposits,  parts  of  which  have  been 
examined  in  a  cursory  manner  with  varying  results.  A  through  exam- 
ination of  the  field  might  show  the  existence  of  good  pay  channels  or 
deposits,  but  as  yet  nothing  other  than  the  presence  of  submerged  clay 
beds  of  varying  thickness  has  been  proved.  Systematized  drilling  by  the 
persons  holding  claims  in  the  district  would  be  a  move  in  the  right 
direction.  The  judicious  expenditure  of  100  dollars  per  annum,  the 
assessment  charge,  in  such  work  upon  each  group  of  claims  in  a  few 
years'  time  would  demonstrate  suflficiently  the  advisability  of  a  further 
retention  of  the  property. 

The  Malaguit  River  in  Ambos  Camarines  bids  fair  to  become  an  im- 
portant dredging  field  and,  equipped  with  modern  dredges  designed  to 
handle  ground  of  the  character  encountered  in  the  district,  should  yield 
substantial  returns  in  the  years  to  come.  There  arc  probably  1,200 
hectares  of  alluvium  upon  the  river,  which  extends  from  the  sea  for  a 
distance  of  about  10  kilometers  before  the  higher  plateaus  are  reached. 
This  area  is  all  a  tidal  plain  overgrown  with  a  profusion  of  mangrove 
timber  and  covered  with  about  a  meter  of  water  at  high  tide. 

The  deposit  consists  of  a  topping  of  loam  and  decayed  vegetation,  clay 
and  sand,  over  a  clean,  angular  gravel  wash  free  from  large  boulders 
upon  a  soft  to  medium  hard  schist  and  granite  bedrock  which  is  quite 
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irregular  and  prone  to  contain  fisBures.  This  description  applies  partic- 
ularly to  the  upper  readies.  The  lower  section  possesses  a  soft,  (h^com- 
posed  bedrock  which  is  fairly  regular  and  usually  a  granite. 

The  depth  of  the  alluvium  varies  from  4  to  8  meters  at  the  Philippine 
Gold  Dredging  company's  dredge,  some  6  kilometers  from  the  sea,  to  11  and  13 
meters  near  the  river's  mouth.  The  dredge  now  operating  upon  the  river  is 
a  Risdon  3.5-cubic-foot,  loone  connected,  or  link-bucket  type  capable  of  hand- 
ling from  20,000  to  25,000  cubic  meters  per  month  under  favorable  conditions 
and  in  ground  of  the  character  for  which  it  was  designed.  The  actual  amount 
being  dredged  per  month,  in  the  material  being  worked,  will  not  exceed  18,000 
and  is,  perhaps,  nearer  12,000  cubic  meters,  which,  on  the  basis  of  the  gold 
won  plus  25  per  cent  for  losses,  gives  an  actual  gold  content  of  33  cents  per 
cubic  meter. 

The  approximate  working  cost,  exclusive  of  depreciation,  office  expense,  and 
interest  on  the  investment,  upon  the  above  basis  is  13  cents  United  States  cur- 
rency per  cubic  meter.  Owing  to  the  fact  that  no  record  is  kept  of  anything 
other  than  the  number  of  ounces  of  gold  won  per  montli  or  fortnightly,  an 
accurate  estimate  of  values  is  impossible  either  here  or  upon  the  Paracale  dredges 
where  the  same  system  is  in  vogue. 

The  Paracale  district,  the  most  widely  known  field  in  the  Islands  and 
the  only  one,  until  recently,  upon  which  any  dredges  had  been  operated 
successfully,  is  situated  upon  the  Taracale  Hiver  and  several  branch 
streams  which  lie  beyond  a  ridge  about  1  kilometer  north  of  the  Malaguit 
Hiver,  but,  unlike  the  Malaguit  deposit,  the  Paracale  ground  lies  almost 
entirely  in  an  elliptical  basin  and  contains  some  400  hectares  of  alluvium, 
some  120  hectares  of  which  are  located  in  narrow  valleys  leading  from  the 
basin.  The  deposit,  with  the  exception  of  a  120-hectare  coconut  grove 
bordering  the  bay  and  the  upper  reaches  of  the  streams,  is  submerged 
about  1  meter  at  high  tide  and  covered  with  mangrove  timber  which 
appears  quite  formidable  to  one  unacquainted  with  its  characteristics, 
but  which  offers  no  serious  obstacle  to  dredging  and  might  even  be 
considered  a  valuable  asset  as  it  makes  excellent  firewood  when  dried  and 
aflEords  the  most  desirable  fuel  for  miles  around  at  a  very  nominal  cost, 
about  1.25  dollars  per  cord. 

The  deposit  consists  of  a  sticky  loam  over  a  clayey  sand,  sometimes 
quite  tough,  especially  in  the  coconut  plantation,  underlaid  by  a  gravel  con- 
sisting in  the  main  of  quartz  fragments  and  sand,  and  occasionally  a 
small  percentage  of  clay.  The  quartz  fragments  are  small  in  the  valleys 
and  the  upper  portion  of  the  basin,  but  in  the  lower  section  they  are 
coarse,  and  large  fragments  weighing  several  hundred  weight  are  at  times 
encountered.  These  are  saved  and  run  through  a  5-foot  Huntington  mill 
yielding  an  average  of  15  dollars  per  ton  in  free  gold.  The  concentrates 
from  a  Wilfley  table  are  saved  for  shipment  and  are  reputed  to  be  worth 
about  100  dollars  per  ton. 

The  bedrock  throughout  the  deposit  is  a  soft  decomposed  granite  or 
sdiist,  Bchist  predominating,  and  possesses  a  very  uniform  grade  or  slope 
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toward  the  sea.  The  thickness  of  the  alluvium  varies  from  6  meters  at 
the  upper  end  of  the  valleys  to  14  meters  at  the  lower  end  where  the 
Paracale  dredge  is  now  operating. 

The  gold  is  in  nugget  form,  coarse  and  fine,  with  an  appreciable  quan- 
tity of  flour.  It  is  clean  and  lends  itself  readily  to  amalgamation.  The 
roughness  of  the  larger  particles  indicate  very  clearly  the  local  origin  of 
the  deposit,  evidently  by  erosion  from  the  ledges  and  stringers  in  the 
schists  of  the  surrounding  hills.  Practically  all  of  the  values  are  found 
in  the  bottom  wash,  which  ranges  in  thickness  from  a  few  inches  to  several 
feet. 

The  percentage  of  black  sand  is  large,  about  one  ton  to  the  thousand 
yards,  and  is  found  in  varying  quantities  throughout  the  deposit.  It 
assays  some  100  dollars  per  ton  and  might  prove  a  valuable  asset,  pro- 
vided economical  means  of  saving  it  could  be  evolved. 

At  present  there  is  only  one  dredge  operating  in  the  field,  the  other 
having  been  idle  for  the  past  year  on  account  of  litigation.  Both  these 
dredges  are  of  New  Zealand  design  and  manufacture,  equipped  with  5- 
cubic-foot  open  connected  buckets  and  dig  on  a  head  line.  They  are 
steam  driven  and  of  low  horse  power,  consuming  about  3  cords  of  wood 
daily.  As  a  matter  of  fact,  neither  of  the  machines  was  designed  to 
handle  the  ground  being  dredged  and  their  efficiency  is  less  than  50  per 
cent  of  the  proper  working  capacity  of  2000  cubic  yards  per  24-hour 
day. 

The  total  area  of  ground  excavated  by  the  Para*:ale  Gold  Dredging  Company's 
dredge  has  been  about  2.4  hectares;  from  this  they  have  won  some  200,000 
dollars.  The  depth  has  averaged  about  14  meters,  which  would  give  a  total 
handled  of  about  344,000  cubic  meters  showing  an  approximate  saving  of  58 
cents  per  cubic  meter.  The  extraction  has  been  low,  certainly  less  than  80  per 
cent.  Those  familiar  with  the  operation  of  the  dredge  place  it  at  about  50  per 
cent,  but  the  probabilities  are  that  75  per  cent  would  be  more  nearly  correct. 
This  would  give  an  average  gold  content  of  00  cents  per  cubic  yard  for  tho 
area  excavated,  the  high  average  being  due  to  the  fact  that  a  rich  pocket  of 
considerable  area  was  encountered  a  year  or  more  ago. 

It  is  hardly  to  be  expected  that  the  entire  district  will  average 
nearly  so  well,  but  as  yet  sufficient  data  are  lacking  to  determine  this 
point.  However,  there  is  every  reason  to  believe  that  the  entire  district 
will  prove  profitable  if  handled  by  one  or  two  large  companies  with  suf- 
ficient capital  to  enable  the  joint  installation  ol'  s(»veral  large-capacity 
modem  dredges,  preferably  with  close-connected  bucket  lines  and  a  large 
table  area  with  water  under  high  pressure.  No  single  installation  with 
its  attendant  extra  expenses,  which  might  be  divided  among  three  or 
more  boats,  can  work  under  the  conditions  obtaining  in  that  section  of 
the  Islands,  for  a  per  cubic  meter  cost  of  much  less  than  13  cents,  but  a 
consolidation  operating  three  or  more  dredges  nliould  cut  the  expenses  of 
operation  to  9  and  possibly  to  6  cents  per  cubic  meter. 
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The  greatest  obstacle  at  present  is  poor  transportation  and  terminal 
facilities;  the  next  is  the  large  quantity  of  sand  and  other  disintegrated 
material  to  be  washed  over  the  tables;  and  the  third  worthy  of  mention 
is  the  labor  problem  which  is  always  an  important  factor  to  be  considered 
in  the  Philippines. 

The  first  adverse  condition  could  be  improved  readily  should  sufficient 
dredges  be  put  in  operation  to  warrant  the  service ;  the  second  could  be 
remedied  by  the  adoption  of  certain  devices  ccmtrolled  by  a  certain 
American  manufacturer. 

The  crying  need  of  the  dredging  and  other  mining  industries  to-day 
is  capital  judiciously  expended,  but  capital  makes  certain  demands  and 
stipulates  certain  requirements  which  must  be  conformed  with  before 
it  can  be  expected  to  exploit  and  develop  the  large  placer  fields  now  lying 
idle  throughout  the  Archipelago. 


(^OST  OF  MINING  IN  THE  PHILIPPINES. 


By   F.  T.  KmuNtiKiKM). 


'File  tosts  of  inining  can  be  divided  into  two  nuiin  groups:  (1)  Cost 
of  labor;  (2)  Cost  of  supplies.  In  any  one  district  where  the  actual 
cost  of  supplies  jwr  unit,  and  of  labor  per  man,  are  uniform,  the  peculiar 
condition  of  the  ore,  the  character  of  the  country  rock,  the  etliciency  of 
labor,  the  eflicieucy  of  tlie  process  employed  in  mining  or  milling,  and 
the  policy  of  the  management  are  elements  which  cause  variation  in  the 
total  cost  per  ton  of  ore.  For  this  discussion,  data  from  the  three  principal 
mining  districts  of  the  Philippines  have  bei»n  secured,  i.  e. :  (1)  Baguio 
mineral  district,  Ik'uguet,  Luzcm.  (2)  Paracale,  Ambos  Canuirines,  Lu- 
zon. (3)  Aroroy,  Masbate.  I  intend  first  to  tabulate  the  cost  of  labor 
and  supplies  in  tlicse  various  districts  and  then  to  discuss  the  spet^ial 
characteristics  referred  to  above. 

Cost  of  white  labor. 
tin  penos  Phillppino  currency.] 


Bagnio. 


Snperlntcndent  ..- 

KiiKiiw'ers 

Mine  Forcmiin 

Mill  Koroinan 

Shift  hof^ses,  mine 
Shift  bosses,  mill.. 

Mechanics 

Cftrpenlors ... 

Clerks...- 


I'er 
month. 


SoO-r^X) 
•300 


I'er 
day. 


r2  i 
If) 


Pnrncalo. 

per 
montii. 


SOO-riOO  ' 

2M) 

200  ! 
200  I 
800  i 
250  I 
150 


Aroroy. 

per 
month. 


800-r)00 
•300 


•800 


•  Average. 

Cost  of  native  and  Oriental  labor. 
[In  pesos  PhiUppine  currency  per  day.) 


RaRuio.     Paracale.    Aroroy. 


C'apatascR,  mine 

Capatiipos.  mill 

Shift  iKiKses,  mine 

Mechanics 

Carpenters: 

.lapuneRC -- 

Natives  ._ . 

Miners  and  muckers. 
Timbermen: 

.lapanese 

Natives 

Pumpmen 

Holstmen 

blacksmiths 


l.'IO-l.fiO 

1.40-1.60 

1.50 


8.00-3.25 

1.00  I 
0.80-1.40  1 

8.50 
1.60-2.00 


*  Average. 


1.50 
2.50 


1.50 


2.50 

8.00 

'•1.05 


1.25 
2.00 
2.76 
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1.00 

i.'26 
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Oo8t  of  supplies. 
[In  pesos  Philippine  currencr.] 


Mine  timbers: 
Rough 

Framed 

Fuel 

Explosives 

Candles 

Lumber 

Pipes 

Drill  steel 

Rails 

Tools: 

Shovels 

Picks 

Hammers 

Wheelbarrows 

Lubricating  oil  _— 
Cement 


Baguio. 


Pine,  7  to  8  feet  long,  0.10  per 
Inch  diameter. 


2.15  per  set 

Qasoline,  .65  pergHlIon;pine, 

2.50  per  cord. 
Caps,  2  per  box,  dynamite,  20 

per  case:  fuse,  2  per  100  feet. 

7.50  to  16.50  case 

Lagging,  7  feet  by  5  inakcs, 

0.10  each;  rough  lumber, 

95  per  M. 
18  inches  slip  joint  A  inch 

by  10  feet,  89.54;  14  Inches 

flange,  ^%  inch  by  8  feet 

30.25. 

I"  to  1."  0.60  per  kilo.... 

7  kl.  German  1.75  per  meter.. 

R.  D.  P.  H.,  1.95 

Drifting,  2,25 

8,  6,  and  8  pounds,  2  to  6 


Iron,  18.50 

Cylinder,  2.55  per  gallon  _ 
12  per  barrel 


Paracale. 


Hardwood,  15  feet  long,  0.10  : 
per  inch  diameter.  j 


Native  wood,  3.75  per  cord; 

coal,  Batan,  10  per  ton. 
Dynamite  Atlas,  40  per  cent, 

650  per  ton. 

Goodman,  9 ,. 

R.  O.  pine,  65  per  M  board 

feet. 

Small  pipes,  0.-26  to  0.75  per 
foot. 


12  pounds  T,  1.90  per  foot  _. 


R.  D.  P.  H.,  1.00 

Drifting,  0.75 :. 

4   and   8   pounds,    0.25 
pound. 

Iron,  11.50— 

Cylinder,  1.50  per  gallon. 
5.60  per  barrel ._ 


per 


Aroroy. 


Hardwood,  12 
by  12  inches, 
0.40  per  run- 
ning foot. 

Native  wood,  3 

per  cord. 
Dynamite,     660 

per  ton. 

60  to  85  per  M 
board  feet. 


5.60  per  barrel. 


From  the  above  tables  it  can  easily  be  seen  that  the  wages  paid  for 
labor  and  the  cost  of  timber  cut  near  the  properties  are  uniform  for  all 
the  districts,  but  the  costs  of  supplies  vaiy,  due  to  the  cost  of  transporta- 
tion from  Manila  to  the  mine.  Since  all  supplies  except  lumber  are 
imported,  usually  from  the  United  States  or  Germany,  the  cost  at  the 
port  in  Manila  is  larger  than  in  most  mining  districts  of  the  United 
States.  Add  to  this  the  high  rate  for  transportation  from  Manila  to 
the  mine,  and  the  ultimate  cost  becomes  excessively  large.  The  cost 
of  transportation  from  Manila  to  the  mine  is  almost  equal  to,  and  in 
one  case  many  times  greater  than  that  between  Manila  and  the  United 
States. 

Shipping  charges  from  Manila  to  destination. 

[In  pesos  per  metric  ton  or  cubic  meter.] 


I  Paracale.  i  Masbate. 

I  ; 

Machinery 1  4.60-5.70  :  3.10-3.80 

Lumber _ 4.20-4.60  '  3.70-:^.00 

Cement __ _ 6.70  4.^0 

Ore 4.20-4.60  !  2.70-3.10 

Dry  goods _ 6.70  4.80 

Canned  food  _. 6.70  4.80 

Coal _.               4.20  2.70 


Baguio. 


Taking  the  cost  of  supplies  alone  as  a  basis  of  comparison,  assuiiiiu*^ 
all  other  conditions  equal,  the  most  expensive  district  for  mining  would 
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be  Bagnio,  Ihe  next  Paracale,  and  the  clieapest  Arorov.  This  condition 
is  particularly  important  in  considering  the  purchaae  of  equipment, 
milling  and  mining  machinery,  for  the  extra  cost  of  such  equipment 
delivered  at  the  mine  would  vary  directly  with  the  cost  of  transportation 
to  the  various  districts.  However,  tlie  total  cost  of  supplies  used  in 
operation  is  rarely  more  than  20  per  cent  of  tlie  total  expenses,  con- 
sequently a  variation  of  100  per  cent  in  the  cost  of  supplies  would  cause* 
an  increase  of  only  about  13^  per  cent,  in  Iho  total  cost  of  operation, 

INFLUENCE  OF  THE  CHARACTER  AND  LOCATION  OF  THE  ORE  IIODV  AND  THE  CHARACTER 

OF  THE  COUNTRY   ROCK. 

The  conditions  affecting  the  variation  in  cost  under  this  head  are — 

A.  The  character  of  the  ore  body — 1,  toughness;  2,  hardness:  ,S,  width 
and  length  of  vein ;  4,  dip  of  vein  ;  5,  character  of  the  ore  ;  6,  quantity  of 
ore  above  the  ground-water  level ;  7,  regularity  of  the  deposit. 

B.  The  character  of  the  country  rock — 1,  toughness;  2,  hardness;  3, 
kind  and  number  of  intrusions ;  4,  character  of  the  walls  of  the  vein. 

C.  Conditions  in  tlie  working  places  as  to  temperature,  air,  and  water. 

D.  The  distance  that  the  ore  must  be  transported  to  the  mill. 

A  and  B. — In  all  countries  the  cost  of  breaking  rock  varies  greatly  with 
the  toughness,  on  account  of  the  amount  of  powder  required,  and  the 
failure  of  the  holes  to  break  clean.  In  this  country  where  the  native 
miners  have  not  had  much  experience  in  working  hard  rock  the  cost  also 
varies  with  the  hardness.  However  at  present,  most  of  the  mines  here 
are  still  working  in  the  oxidized  zone  where  the  nx'k  is  decomposed  and 
comparatively  soft.  In  only  a  few  cases  has  hard  fresh  rock  been  en- 
countered. The  actual  cost  of  breaking  rock  in  most  instances  varies 
inversely  with  the  cost  of  timbering;  consequently  the  total  cost  is 
generally  less  variable  than  the  breaking  cost,  since  a  soft,  easily  broken 
rock  usually  requires  more  timber  than  a  hard,  tough  rock  which  fre- 
quently needs  none  at  all  except  in  the  slopes.  Kxceptions  occur  when 
the  rock  is  soft,  but  stands  well  without  timbering,  when  the  rock,  though 
hard,  requires  timbering,  and  when  rock,  both  hard  and  tough,  is  under 
such  pressure  that  it  swells,  needing  constant  attention. 

In  the  three  districts  mentioned  the  workings  are  in  the  oxidized  zone. 
Paracale  alone  reached  heavy  sulphides  although  still  in  the  zone  of 
oxidation.  The  ores  are  generally  soft,  requiring  tinibering  in  Benguet 
but  standing  well  in  Paracale  and  Aroroy.  In  all  three  districts  some 
very  hard  country  rock  has  been  encountered  which  re(juired  no  timbering. 

The  most  favorable  element  is  the  large  quantity  of  ore  which  can 
be  developed  and  worked  by  drifts.  This  is  more  pronounced  in  Baguio 
and  Aroroy  than  in  Paracale.     In  Aroroy  the  veins  follow  the  crest  of 
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ridges  which  are  several  hundred  meters  above  sea  level  and  have  exceed- 
ingly steep  sides.  In  Baguio  the  veins  have  no  apparent  relation  to  the 
topography,  but  are  usually  so  high  on  the  slopes  that  over  one  hundred 
meters  of  "backs"  can  be  developed.  In  all  the  districts  the  veins  are 
large  and  easily  followed.  Pieces  of  country  rock  called  ^^orses"  are 
very  common  in  Aroroy  and  not  infrequent  in  Baguio.  Faulting  is  rare, 
but  irregularities  in  the  width  of  the  vein  and  direction  of  the  walls  are 
common.  Consequently,  in  the  Philippines  the  ore  bodies  and  the  country 
rocks  are  in  conditions  most  economical  for  mining. 
^  C. — Great  care  has  to  be  exercised  as  to  ventilation,  on  account  of  (1) 
the  high  temperature;  (2)  the  great  humidity  of  the  atmosphere;  and 
(3)  the  growth  of  wood-destroying  fungi  in  the  ptill  air  of  the  working 
places.  The  first  two  influence  the  workman  only,  and  reo^ulate  the 
amount  of  work  one  man  can  do,  the  number  of  men  that  can  be  em- 
ployed in  one  working  place,  and  the  attitude  of  the  miner  in  regard  to 
his  work,  for  in  no  country  will  a  miner  work  contentedly  for  any 
length  of  time  in  foul  air  at  a  high  temperature.  The  wood-destroying 
fungi  cause  the  timber  to  rot  very  rapidly,  but  they  grow  only  in  still 
or  foul  air.  A  fresh  strong  timber  has  been  known  to  rot  completely  in 
a  few  months  under  unfavorable  conditions.  Pitch  pine  is  but  slightly 
affected,  however,  and  the  lirst  group  native  hard  woods  are  also  very 
resistant. 

Water  causes  but  little  trouble  in  Baguio  and  Aroroy,  but  in  Para- 
cale  it  has  been  a  serious  element  to  contend  with.  It  was  found  that 
during  the  rainy  season  the  mine  pump  was  pushed  to  its  capacity  to 
keep  the  water  down,  while  in  the  dry  season  scarcely  enough  water  could 
be  obtained  to  feed  the  boilers. 

INI<XrENCE    OF    LABOR. 

The  number  of  natives  who  have  had  experience  in  modern  methods 
of  mining  is  very  limited,  therefore,  any  mine  having  a  large  output 
must  employ  a  large  percentage  of  green  workmen.  Furthermore  the 
number  of  natives  willing  to  work  underground  is  small,  consequently 
it  is  hard  to  obtain  and  maintain  a  full  working  force.  However,  this 
condition  is  rapidly  becoming  more  favorable,  for  the  native  learns 
readily  and  can  be  successfully  used,  if  handled  properly.  Xo  better 
example  could  be  desired  than  the  Benguet  Consolidated  Mine,  where 
the  average  miner  works  more  than  20  days  each  month,  and  the  mill- 
men  average  25  or  more.  The  efficiency  of  this  labor  is  surprising. 
On  an  output  of  only  20  tons  per  day  with  a  great  deal  of  development 
work  and  retimbering  as  well,  the  total  mine  expense,  exclusive  of  mill- 
ing, was  less  than  2.00  pesos  per  ton. 


n 


TmhU  of  mine  pa»i. 
(In  pMOt  Plilllppiii*  ourrenef.] 

i    Aroroy. 


DriflInK,  per  foot i  8.10 

CrosB  rutting,  per  foot '2.50 

Timbering:  I 

Per  f(H)t  drift 

Per  fool  shaft j 

ShaftHinking.  per  foot --.  45.00 

Raising,  per  foot j    5.00-6.00 

Milling,  per  ton.. ) 

Fuel,  per  ton ' 


Ba^io. 


No.  1.     No.  2. 


2.00 


0.40 


1.50 


10.00 


2.50 

2.60 

20.00 


Panteale. 


No.  1.     No.  2. 


6.00 
5.00 


50.00 


0.56 


M.OO 
•1.00 


M60.00 


'^  Contract. 


Table  of  rate  of  toorA*. 


>•  Over. 


Aroroy. 


Tons  mined  per  day 

Feet  advanced  per  shift  per  drift  . 

Feet  sunk  per  sliift  (shaft) 

Feel  sunk  per  shift  (winze) 

Feet  ralsea  per  shift  (raise) 

Feet  drilled  per  shift  per  man 

Men  per  ton  of  ore.. 


Bagnio 
No.  2. 


75 
2 
0.6 

1 

1.5 
7 
2 


Paracale. 


50-75 
1 

0.83 
0.5 
1 

4-6 
8-4 


From  the  above  tables  it  can  be  seen  that  tlie  cost  of  uiiniiig  and 
milling  in  the  Philippines  comparer  favoral)ly  with  other  countries,  not- 
withstanding the  difTiculties  encountered;  Paracale  averageB  higher  than 
the  other  districts  on  account  of  the  nature  of  the  ore  and  country  rock 
and  the  location  of  the  ore  body. 

The  policy  of  the  mine  management  and  the  process  employed  in  min- 
ing or  milling  are  subjects  which  require  no  special  discussion  in  reference 
to  the  Philippines.  However,  it  is  well  to  note  that  the  Filipino  does 
not  differ  materially  from  other  races  in  that  he  responds  to  good  treat- 
ment, and  is  more  contented  and  works  ])ettcr  when  provision  is  made 
for  his  comfort  and  recreation.  1'his  also  particularly  applies  to  Amer- 
icans employed  at  the  mine,  for  the  climate  and  conditions  here  are  not 
such  as  to  stimulate  labor  or  promote  contentment. 

The  total  labor  cost  of  mining  wtis  obtained  for  only  three  mines. 

Cost  of  mining,  milling,  etc.  at  Baguio  and  Paracale. 
(Figures  In   pesoR  per  ton.] 


I. 


Baguio. 


Cost  of -mining _._ '  1.00 

Cost  of  milling.- _ j  1.00   \       9.13 

General  and  administration  cost .- '  1.00  ) 

Toul _ I  8.00  I         9.18 


Para- 
cale. 


9.00 
2.00 
2.00 


18.00 
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The  first  example  from  Baguio  is  exceptional  and  in  no  way  charac- 
teristic of  the  costs  of  the  district,  but  since  the  output  of  this  mine 
is  only  20  tons  per  day,  it  indicates  the  possibilities  of  low  cost  with 
a  large  output. 

The  last  item  of  cost  is  the  disposal  of  the  product.  The  all-sliming 
cyanide  mills  now  being  erected  will  produce  gold  bars,  consequently 
the  disposal  of  the  product  is  very  simple.  In  the  past,  however,  two 
mines  have  concentrated  their  ores  and  shipped  the  concentrate,  a  method 
which  will  still  have  to  be  used  with  certain  ores. 


Costs  for  shipping  concentrates. 

[Figures  In  pesos  per  ton.] 

BenKUt't  Consolidated. 
Baguio,  Bengiic't. 


Transportation.— 


Total 

Treatment  charge- 
Total  charges 


Antamok  to  Baguio. 
Baguio  to  (^arup  1  .  . 
Camp  1  U)  Manila  . 
Handling  Manila 

Freight  to  Seattle 

Freight  dock  to  smel- 
ter  


15.00 
30. 00 
10.00 
2.  60 
(i.OO 

0,  HO 


64.  46 
12.  00 


San  Mauricio,  Paracale 
Di.strlct,  A.  C. 

Mine  to  dock 0.80 

Loading  steamer 0.80 

Freight  to  Manila 4.20 

Lighterage  Manila 8.00 

Wharfage  Manila 1.00 

Storage  Manila _..  1.00 

Freight  to  Tacoraa 6.00 

16.80 
15.00 

81.80 


These  figures  are  significant,  and  require  no  interpretation. 

In  general  we  find  that  the  most  serious  condition  to  contend  with  is 
transportation  of  machinery,  supplies,  fuel,  and  concentrates;  the  next 
is  the  quantity  of  labor  available;  next  the  water  problem,  which  ranks 
first  in  many  cases;  and  last  the  unfavorable  climate.  The  natural  ad- 
vantages are  the  size  and  strength  of  the  veins,  the  large  quantity  of  ore 
that  can  be  worked  from  drifts,  the  favorable  mill  sites,  and  the  cheapness 
of  labor. 


ON  BRIQUETTING  PHILIPPINE  COALS. 


By  Wallace  E.  Pratt. 


The  main  difficulty  in  using  the  lower  grades  of  Philippine  coals  for 
steaming  purposes  is  the  tendency  of  the  coal  to  disintegrate  on  heating, 
permitting  a  large  proportion  to  drop  through  an  ordinary  grate  into 
the  ash  box,  unburned.  Cox  ^  states  that  in  a  test-run  on  Philippine 
coal,  the  ash  after  having  been  reburnod  under  the  boilers,  showed  by 
analysis  (>2.G  ])er  cent  combustible  matter.  In  the  same  paper  Cox  shows 
that  this  difTiculty  is  not  entirely  remedied  by  reducing  the  open  space  area 
in  the  grate  bars  because  of  a  slight  clinkering  tendency  which  interferes 
with  the  draft. 

If  this  coal  could  be  made  to  retain  its  form  in  lumps  of  suitable  size, 
its  steam  producing  efficiency  would  be  increased  materially.  The  pos- 
sibility is  at  once  suggested  of  briquetting  the  coal,  using  a  binding 
material  which  will  retain  the  shape  of  the  briquet  until  combustion  is 
more  or  less  complete.  Obviously  a  binder  such  as  coal  tar  or  asphalt 
which  is  commonly  used  would  not  accomplish  this  purpose,  since  they 
melt  and  run  at  a  comparatively  low  temperature.  Moreover,  these  prod- 
ucts would  be  too  expensive  in  the  Philippine  Islands  to  permit  of  cheap 
briquetting.  The  same  objections  apply  to  the  use  of  natural  resins  which 
might  otherwise  be  considered. 

Experiments  in  the  United  States  Geological  Survey*  have  demonstrated  that 
starch  may  be  used  with  some  advantages  as  a  binder  for  coal  briquet.  Starch 
does  not  melt  on  heating  but  retains  its  form  until  completely  volatilized.  Mixed 
with  water  it  forms  a  paste  which  is  a  splendid  cementing  material.  The  chief 
disadvantage  in  its  use  arises  from  the  fact  that  briqueta  bound  with  starch 
disintegrate  when  wetted. 

Bacon  ^  thinks  that  in  the  growth  of  the  cassava  plant  the  Philippines 
have  the  cheapest  source  of  starch  in  the  world,  and  points  out  that  the 
extraction  should  be  inexpensive.  However,  from  preliminary  experi- 
ments^ it  is  believed  that  the  air-dried  flour  resulting  from  grinding  the 

^  Philip.  Journ.  8ci.,  Sec.  A  (1908),  3,  301. 

'James  PI  Mills.  Binders  for  Coal  Briquettes.  Bull.  U.  8.  Oeol  Su/rv.  (1908), 
No.  343. 

*  Philip.  Journ.  8oi.,  8ec.  A  (1908)  3,  93. 
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roots  could  be  used  quite  as  satisfactorily  as  the  purified  starch  for  binding 
coal  briquets. 

The  division  of  mines  at  the  suggestion  of  Mr.  p].  Randolph  Hix,  coal 
expert,  Philippine  Government,  has  just  taken  up  some  preliminary  ex- 
perimental work  on  coal  briquetting.  The  first  results  of  this  work  are 
summarized  in  Table  1. 

Table  of  briquetting  tests. 


Coal  East  Batan 

run  of  mine, 
through  20  mesh. 

Binder. 
None - 

Binder. 
Prrct. 

Com- 
pres- 
sion, 
kiloa 
persq. 
cm. 

500 

1,0()0 

1,000 

100 

'200 

Coherence 
of  briquet. 

Poor _._ 

Fair 

None 

(Jood 

Excellent  _. 

Behaviour  on  firing. 

Undrled 

Not  fired. 

Do 

do 

Disintegrated. 

nrlfd  at  105  °C 

.do  .      

Not  fired. 

Undrled 

Rice  Hulls* 

do 

MO 
15 

ReUiined  shape  well. 

Do 

Retained  .<-hape  until  almost 
consumed. 

■Waste  product  contalrinp  stnrrh.  The  s;(;ir(h  was  not  oxfrnrted  for  this  purpose*. 
the  whole  substance  of  the  rice  bulls  went  into  the  briquet.  Rice  hulls  cost  about 
45  centavos  per  ton  of  briquets. 

»>  Wt.  of  air  dried  rice  hulls  =  10  per  cent  wt.  of  coal  with  mine  moisture. 

The  degree  of  coherence  was  judged  simply  from  the  appearance  of 
the  briquet.  No  standard  test  ^  was  employed,  owing  to  the  small  number 
of  briquets  made. 

The  briquets  were  fired  in  the  laboratory  on  a  grate  of  iron  wires. 
While  the  conditions  are  not  those  of  steam  generating  plants  (for  a 
practical  test  a  quantity  of  briquets  necessitating  a  briquetting  machine 
for  their  manufacture,  would  be  required),  yet  the  results  are  valuable 
in  showing  whether  or  not  the  individual  briquet  burns  completely  or 
disintegrates  and  drops  through  the  grate  before  it  is  consumed. 

The  tests  without  binder  were  suggested  by  the  German  practice  in 
which  certain  lignites  are  briquetted  in  this  manner,  the  cohesion  being 
secured  by  pressure  (the  pressures  in  some  plants  reach  1,300  kilos  per 
square  centimeter) .  The  lignites  briquetted  without  binder  carry  a  large 
moisture  content,  which  is  reduced  by  the  compression  in  briquetting.  It 
will  be  noticed  that  East  Batan  coal  shows  a  tendency  to  cohere  if  bri- 
quetted as  it  comes  from  the  mine,  but  if  dried  no  coherence,  is  obtained. 

The  experiments  so  far  carried  out  indicate  that  a  starch  binder  (the 
binding  constituent  in  rice  hulls  is  starch)  hold  the  coal  together  until 
it  is  burned,  thus  removing  the  greatest  objection  to  its  use  as  a  steaming 
coal. 


*The  United  States  Geological  Survey  has  defined  certain  physical  tests  to 
be  employed  in  testing  coal  briquets.  The  tests  are  made  on  50-poimd  samples 
of  the  briquets. 
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OBITUARY 

^aul  Caspar  Jfreer 

DIRECTOROF  THT  BUREAU  Or  SCIENCE  OF  THE  GOVERNMENT  OF  THE  PHILIPPINE  ISLANDS 

DEAN   OF    THE   COLLEGE    OF    MEDICINE    AND    SURGERY   AND   PROFESSOR  OF 

CHEMISTRY   OF   THC   UNIVERSITY   OF  THE    PHILIPPINES     AND 

FOUNDER  AND  EDITOR-IN-CHIEF  OF  THIS  JOURNAL 

We  are  deeply  grieved  to  announce  the  death  of  Doctor  Freer  at   Baguio.   Philippine 

Islands,  on  April  the  seventeenth,  in  his  fifty-first  year,  from  arterio-sclerosis  and  acute 

nephritis. 

in   an    effort   formally   to   express   our  sorrow  and    to    honor    his    memory    a    memorial 

meeting  of  the  members  of  the  Staff  of  the  Bureau   of   Science,  the  Council   of   the 

University    of   the    Philippines,   and   the    members   of   the    Philippine    Islands    Madical 

Association    was    held    on    July    1.    1912.      The    addresses   delivered    at    this    meeting 

were  published  in  a  memorial  number  of  the  Philippine  Journal  of  Science. 

At  a   meeting   of   the   members   of  the   Staft  of  the   Bureau   of   Scienca,   hald   on   the 

eighteenth  day  of  April,  the  following  resolutions  were  adopted: 

V&htrtm  it  has  pleased  Almighty  God  in  His  Wise  and  Inscrutable  Providence  to 
remove  from  our  midst  Paul  Caspar  Freer,  M.  D.,  Ph.  D.,  Director  of  the  Bureau  of 
Science  of  the  Government  of  the  Philippine  Islands,  since  the  time  of  its  organiza- 
tion as  the  Bureau  of  Government  Laboratories  in  the  year  1901,  Dean  of  the 
College  of  Medicine  and  Surgery,  and  Professor  of  Chemistry,  University  of  the  Phil- 
ippines, and  Founder  and  Editor-in-Chief  of  the  "Philippine  Journal  of  Science,"  who, 
for  many  years,  has  been  our  Leader,  Counselor,  and  Friend;  and 

mUfjtrract  at  best  we  can  do  little  to  indicate  at  this  time  our  real  appreciation  of 
him  as  a  man  and  as  a  worker  for  the  general  good:  Therefore  be  it 

l^es(0lbeb,  That  we,  the  Members  of  the  Staff  of  the  Bureau  of  Science  In  Manila, 
Philippine  Islands,  do  hereby  express  our  deepest  sorrow  and  keen  feeling  of  personal 
loss  in  the  death  of  Doctor  Freer:  and  be   it  further 

l^tfi(o(btb.  That  he  holds  a  place  of  highest  respect,  admiration  and  appreciation  both 
officially  end  personally  in  the  hearts  of  ail  of  us,  and  especially  of  those  who  were 
nost  intimately  associated  with  him  in  scientific  work:  and  be  it  further 

l^rs(0ltieb.  That  it  is  the  sense  of  the  Members  of  this  Institution  that  the  Bureau  of 
Science  has  suffered  a  very  great  loss  and  that  the  cause  of  Science  in  these  Islands 
has  been  deprived  of  one  of  its  most  zealous  and  conscientious  advocates;  and  be  It 
further 

l^edolbeb.  That  we  extend  our  sincere  sympathy  and  condolence  to  his  Widow  In  her 
overwhelming  grief,  to  his  Sister,  Brother  and  other  Relatives;  and  be  it  further 

i^fSoIbttl,  That  copies  of  these  resolutions  be  engrossed  and  sent  to  the  bereaved 
Widow  and  Brother  of  Doctor  Freer,  and  that  they  be  filed  in  the  Archives  of  the 
Bureau  of  Science,  transmitted  to  the  Bureau  of  Civil  Service,  published  in  the  forth- 
coming Number  of  each  Section  of  the  "Philippine  Journal  of  Scief^oe,"  in  the 
newspapers  of  Manila,  In  a  paper  in  the  City  of  Chicago,  Doctor  Freer's  birth-place, 
and  in  "Science,"  the  Official  Organ  of  the  American  Association  for  the  Advancement 
of  Science,  of  which   Doctor  Freer  was  a  Fellow. 

For  the  Staff  of  the  Bureau  of  Science: 

RICHARD  P.  STRONG. 
CHARLES  S.  BANKS. 
E.  D.  MERRILL, 
fL.  S.]  ALVIN  J.  COX, 

OSCAR  TEAGUE, 
A.  E.  SOUTHARD, 

Committee. 
At  Manila,  Philippine  Islands,  this  eighteenth  day  of  April, 
in  the  year  of  our  Lord  one  thousand  nine  hundred  and  twelve. 
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MINERAL  RESOURCES  OF  THE  PHILIPPINE 
ISLANDS  FOR  THE  YEAR  19n. 


INTRODUCTION. 


The  status  of  the  mineral  industry  in  the  Philippines  at  the 
close  of  the  year  1911  is  more  satisfactory  both  in  metallic  and 
nonmetallic  fields  than  at  any  time  in  the  past.  Extensive  and 
careful  investigation  with  conservative  investment  is  the  char- 
acteristic and  most  gratifying  feature  of  the  year's  progress. 
Actual  mining  operation  has  been  retarded  by  the  typhoon  of 
October,  1911,  and  by  unsettled  conditions  in  China,  the  residence 
of  many  investors  in  the  Philippine  gold  and  coal  properties. 

The  following  pages  contain  statistics  of  the  mineral  produc- 
tion of  the  Philippine  Islands  for  the  calendar  year  1911,  and 
information  concerning  the  different  mining  districts  up  to  May 
1,  1912.  The  statistics  have  been  gathered  through  the  coop- 
eration of  the  mining  operators  and  the  bureaus  of  the  Govern- 
ment. There  is  always  difficulty  in  obtaining  accurate  data  on 
the  production  of  salt,  lime,  clayware,  etc.,  commodities  which  are 
the  result  of  irregular,  household  industries.  Each  year,  how- 
ever, the  statistics  on  these  products  become  more  comprehen- 
sive and  reliable.  The  annual  reviews  of  the  different  mining 
districts  deal  primarily  with  the  local  progress,  but  are  intended 
to  bring  out  also  the  essential  general  features  of  the  districts 
for  the  benefit  of  readers  who  are  not  familiar  with  Philippine 
mining. 

The  division  of  mines  acknowledges  its  indebtedness  and 
expresses  its  thanks  to  the  mining  companies,  the  government 
officials,  and  the  private  individuals  whose  cooperation  has 
facilitated  the  publication  of  this  bulletin. 
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STATISTICS   OF   PRODUCTION. 


Table  I. — Mineral  products    of    the    Philippine    Islands    for    the    calendar 

years  1909-1911. 

[Values  in  pesos"   Philippine  currency.! 
Products.  l«07     I       lOOS  11MM»  IttlO  Mill 


MeUls: 

Iron (b)  «-17,50()        c3i,078         ^20,023         ^29,159 

Silver  ti _ 97  ^  2.  760    _ 

Gold -- ---.      187.647         434,500         495,194         308.860         379,906 

Copper - -  62    . 600 

Manfiranese-., .  12.500    _.  (♦•) 


Total  value  of  metals 187.744         454,802         538,772         328.883         409.665 


Nonmetals: 

Coal -  26,799  77,166         197.184 


Clay  products (b)  421,628         422,840 

Lime..     -    (b)  20,(KM)  69.656 


176, 255  f 130, 000 

4:^0, 000  450, 0(X) 

70  (KK)  90  000 

Sand  and  jrravel .   .                            (b)              206,360         325,050         293*,  456  477!  344 

Stone - -    - (i*)              149,930         311,177         372,575  665,795 

Salt                 .   .       i^)                (»>)               375.368         380,000  550,000 


Total  value  of  nonmetAla 26,799         875.084         701,275      1.722.286     2.353.139 


Grand  total  214,  543  ;   1. 329. 886  ,  2. 240. 047  ;  2. 051.  169     2.  762. 804 

■  One  peso  Philippine  currency  is  equal  to  50  cents  United  States  currency. 

^  Statistics  not  available. 

<=  Value  of  manufactured  product,  73.0  metric  tons  of  metallic  iron. 

<*  Some  silver  is  grencrally  found  alloyed  with  Philippine  jfold  ;  none  is  mined  separately. 

•  No  production  reported  for  1911,  but  the  known  deposits  are  receiving  careful  attention. 

'  20,000  metric  tons  at  6.60  pesos  per  ton. 

Table  II. — Comparative    statement   of    the    gold   production    by    provinces 
for  the  calendar  years  1907-1911. 

[Values  in  pesos"  Philippine  currency.] 
Province.  I«0  7 


Ambos  Camarines  - 4. 133 

Mountain  Province 160. 699 

SorsoRon  (Masbate) 22,815 

All  other  provinces 


lOOS 

1»00 

1010 

1911 

143,532 

278,474  i 

1,330 

216, 701 
256,400 

22,093    " 

144,900 
95.  960 

198,000 
66,406 
70,600 

11,164 

68,  (XK) 

45, 000 

Total b  187. 647  ;      434,600;      495,194         308,860        379,906 


"  One  peso  Philippine  currency  is  equal  to  60  cents  United  States  currency. 

^^  The  total  srold   production   for   1907  has  been  erroneously  stated  as  141.194  pesos  in  the  past. 
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MimBAL  BnOUBCBB.  19110 


Reduced   from  Map  of  Philippine  Islands  by  John  Bech 


PLATE  II.     MAP  OF  MINERAL  DEPOSITS. 


SUMMARY  OF  THE  MINERAL  INDUSTRY  OF  THE 
PHILIPPINE  ISLANDS  FOR  1911. 


The  production  of  minerals  in  the  Philippine  Islands  does  not 
show  a  marked  increase  over  that  of  the  preceding  year,  still 
there  has  been  a  steady  advance  in  the  industry.  It  has  been 
proved  beyond  doubt  that  the  Philippines  are  potentially  rich 
in  economic  minerals. 

The  experience  of  the  past  year  has  shown  more  clearly  than 
ever  that  one  of  the  most  serious  handicaps  to  the  Philippine 
mining  industry  is  the  difficulty  in  obtaining  adequate  capital. 

Gold, — Progress  in  gold  mining  has  been  much  interfered 
with  by  severe  storms,  but  certain  distinct  advances  have  been 
made.  Large  companies  have  been  formed  and  several  new 
dredges  are  being  built. 

The  first  marked  success  in  gold  mining  and  milling  has  been 
attained  at  the  Colorado  mine  in  Masbate. 

Iron. — In  the  iron  fields  of  the  Eastern  Cordillera  of  Luzon, 
native  mining  and  smelting  continues  as  in  past  years.  The 
existence  of  these  magnetite  and  hematite  deposits,  together  with 
the  more  promising  one  of  hematite  near  Mambulao,  Ambos 
Camarines,  has  caused  considerable  interest  recently  amtmg  capi- 
talists, who  are  investigating  the  possibilities  of  these  natural 
resources. 

Coal, — The  East  Batan  Coal  Company  mine  has  been  in  opera- 
tion throughout  the  year.  In  Polillo  development  work  is  being 
done  on  two  properties,  one  on  the  Guinibauan  River  and  another 
on  the  Anabauan  River.  The  arrival  in  Manila  of  the  Otto 
gas-producer  plant,  ordered  for  the  Bureau  of  Science  and  espe- 
cially designed  for  utilizing  Philippine  coal,  marks  an  event  of 
importance  in  the  coal  industry  here. 

Cement,  etc, — Several  localities  have  been  examined  during  the 
year  by  companies  contemplating  the  manufacture  of  Portland 
cement.  Complete  field  and  laboratory  investigations  with 
burning  tests  have  shown  exceptionally  favorable  materials 
and  locations.  The  increasing  consumption  of  structural  ma- 
terials and  road  metal  has  resulted  in  a  remarkable  advance  in 
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the  quarrying  industry,  while  the  manufacture  of  sugar  tenajas 
and  brick  for  sugar  ovens  by  the  native  clay-workers  has  expe- 
rienced unusual  growth. 

Some  resources,  the  development  of  which  is  promising  and 
which  would  greatly  benefit  the  Philippine  Islands,  are  the  fol- 
lowing : 

(1)  The  Cebu,  Sibuguey  Bay  (Mindanao),  and  Polillo  coal  fields. 

(2)  The  manufacture  of  Portland  cement. 

(3)  The  manufacture  of  sand-lime  brick. 

(4)  The  iron  deposits  in  Mambulao  Bay,  Ambos  Camarines. 

(5)  The  oil  field  of  Tayabas. 

(6)  The  manufacture  of  vitrified  brick. 

(7)  The  various  sulphur  and  salt  deposits. 

(8)  The  asbestos  deposits  of  Ilocos  Norte. 

(9)  The  lead  deposits  of  Batangas  Peninsula. 


THE  AROROY  MINING  DISTRICT,   MASBATE. 


By  Paul  R.  Fanning. 


The  production  of  gold  in  the  Aroroy  mining  district,  Mas- 
bate,  showed  an  increase  from  practically  nothing  in  1910  to 
72,500  pesos  in  1911.  In  1910  no  mills  operated,  while  in  1911 
the  Colorado  mill  began  operations  and  the  Tengo  mill  resumed 
work  for  a  short  time. 

The  completion  of  the  Colorado  mill  and  the  beginning  of 
successful  w^ork  in  October,  1911,  is  one  of  the  most  important 
events  in  the  history  of  mining  in  the  Philippine  Islands.  This 
mine  is  now  averaging  60,000  pesos  per  month,  which  if  con- 
tinued throughout  1912  will  give  a  production  of  some  720,000 
pesos,  or  over  double  the  total  gold  output  of  the  Philippines 
during  1911.  As  the  amount  of  ore  blocked  out  or  indicated 
is  large,  there  is  reason  to  feel  confident  that  this  large  produc- 
tion will  be  maintained  for  many  years  to  come. 

The  production  by  companies  is  given  in  the  following  table: 

Prodi(cfion  of  the  Aroroy  district. 

Company.  Pcsor. 

Colorado   Mining  Co 70,500 

Ten^o  Mining  Co 2,000 

Total    72,500 

COLORADO   MINING   COMPANY. 

During  the  first  part  of  1911  the  Colorado  Mining  Company 
continued  active  development  work  to  prepare  the  mine  for  the 
20-stamp  cyanide  mill  which  was  nearing  completion.  During 
1911  the  mill  operated  irregularly  for  less  than  two  months,  but 
steady  production  did  not  begin  until  the  last  of  December. 

THE   MINE. 

An  accurate  description  of  the  mine  and  ore  bodies  has  already 
been  given  by  Eddingfield.^     The  vein  averages  4  meters  in 

'  Min.  Resources  P,  I.  for  1910,  Bur.  Sci.,  Div.  Min,  (1911),  10. 
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width,  strikes  south  45""  east,  and  dips  70^  to  the  northeast.  The 
vein  matter  consists  of  quartz  with  some  calcite  and  manganese. 
The  ore  is  stated  to  average  20  pesos  per  ton. 

The  inclined  shaft  now  reaches  a  depth  of  146  meters,  which 
is  the  greatest  depth  penetrated  in  the  district,  perhaps  in  the 
Philippine  Islands.  As  stated  by  the  company,  the  average 
values  show  only  a  nominal  decrease  from  the  top  to  the  bottom 
of  the  shaft,  and  the  bottom  ore  is  said  to  have  a  value  of  more 
than  16  pesos  per  ton.  It  is  to  be  noted  that  this  ore  is  still 
above  the  level  of  the  permanent  ground-water,  and  hence  in 
the  oxidized  zone.  The  indications  are  that  the  zone  of  oxidation 
should  extend  to  a  depth  approximately  equal  to  the  level  of  the 
Guinobatan  River;  that  is,  100  meters  below  the  present  bottom 
of  the  shaft.  It  is  probable  that  pay  ore  will  be  found  to  this 
depth,  and  it  is  possible  that  the  zone  of  oxidation  may  extend 
to  an  even  greater  depth.  Whether  or  not  a  zone  of  enriched 
ore  will  be  found  at  this  depth  is  too  problematic  for  present 
consideration,  although  the  presence  of  manganese  in  the  ore, 
as  has  been  repeatedly  pointed  out,  is  highly  suggestive  of  a  zone 
of  richer  ore  close  to  the  level  of  the  permanent  ground-water. 

The  mine  has  been  opened  up  by  means  of  two  main  adits, 
53  meters  apart  vertically;  the  upper,  or  No.  1,  adit  is  30  meters 
below  the  highest  point  in  the  outcrop.  Two  intermediate  levels 
have  been  run,  and  various  cross-cuts  and  up-raises  put  in. 
During  1911,  a  drift  was  run  next  to  the  hanging  wall  parallel 
to  and  connecting  with  No.  1 ;  the  main,  or  No.  2,  adit  was  con- 
tinued 80  meters  farther  to  the  northwest;  the  upper  interme- 
diate level  was  run  for  a  distance  of  120  meters;  the  lower 
intermediate  level  was  run  for  a  distance  of  180  meters ;  and  the 
shaft  was  sunk  30  meters  to  a  total  depth  of  146  meters.  In  all 
some  800  meters  of  work  was  performed,  besides  preparing  the 
ore  bodies  for  stoping. 

In  stoping  the  ore,  the  square-set  system  of  mining  has  been 
used,  but  owing  to  the  high  cost  of  timbering  it  is  probable  that 
some  modification  of  the  method  will  be  adopted.  The  mine  is 
surrounded  by  a  forest  of  magnificent  hardwood  trees,  but  the 
cost  of  cutting,  transportation,  and  dressing  is  very  high.  The 
tangle  of  underbrush  and  vines  requires  an  extra  amount  of 
work  to  fell  the  trees  after  cutting  and  the  wood  is  so  hard  that 
the  natives  saw  it  with  diflficulty.  The  sets  are  framed  by  hand 
and  are  so  heavy  as  to  require  several  men  to  handle  each  piece. 
The  shipment  of  dressed  pine  from  the  United  States  to  supplant 
native  timbers  is  being  considered  as  an  economical  measure. 


MiNtRAL    Rk^^OIROIS,    1911. J 
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THE  MILL. 


The  20-stanip  cyanide  mill  is  of  Traylor  design  and  is  of  the  all- 
sliming  type,  crushing  in  cyanide  solution.  The  striking  feature 
of  the  practice  is  that  the  gold  solutions  from  the  Dorr  thickner 
pass  to  the  zinc-boxes  without  filtering  in  the  Oliver  filters. 

The  ore  is  delivered  from  the  second  level  of  the  mine  to  the 
storage  bins,  and  thence  to  the  mill  by  means  of  a  2-bucket  aerial 
rope  tramway  320  meters  long, 

Ci-ushing, — The  ore  from  the  buckets  passes  to  a  3  by  8  foot 
grizzly;  the  oversize  is  crushed  in  a  10  by  20  inch  Blake  crusher 
and  passes  to  the  bin.  The  ore  is  fed  into  four  5-stamp  bat- 
teries by  Challenge  feeders.  Lime,  which  is  prepared  in  a  kiln 
near  the  mine  from  a  local  deposit  of  calcite  ore,  is  added  at 
the  batteries.  The  20  stamps,  weighing  1,250  pounds  each, 
drop  at  the  rate  of  100  per  minute;  the  height  of  drop  is  about 
8  inches,  and  a  4-inch  discharge  is  used.  The  ore  is  crushed 
in  solution  of  a  strength  varying  from  0.12  to  0.20  per  cent 
potassium  cyanide.  A  capacity  of  4.5  tons  per  stamp  per 
twenty-four  hours  is  obtained  when  a  6-mesh  screen  is  used. 
The  pulp,  which  has  a  thickness  of  about  6  parts  of  solution 
to  1  of  ore,  passes  to  a  Dorr  classifier  where  the  sands  are 
raked  out  and  delivered  to  two  5  by  18  foot  tube  mills.  These 
mills  are  of  Traylor  manufacture,  with  trunnion  bearings  and 
spiral  fed.  A  speed  of  28  revolutions  per  minute  is  used.  The 
lining  is  of  the  El  Oro  type.  At  first  Danish  pebbles  were  used 
entirely,  but  at  present  some  of  the  harder  quartz  from  the 
mine  is  added.  The  discharged  pulp,  which  contains  about  40 
per  cent  moisture,  passes  to  a  bucket  elevator  and  is  returned 
to  the  Dorr  classifier. 

Screen  tests  showed  the  following  : 

Screen  tests. 


Screen 
mesh. 


.Tube.n,nrc„„ifier 


Per  cent. 

Per  cent. 

On 

10 

0.14 

0.85 

On 

20 

1.63 

10.05 

On 

40 

8.62 

19.50 

On 

60 

31.29 

25.65 

On 

80 

19.33 

14.85 

On 

100 

16.32 

12.25 

On 

150 

7.65 

6.70 

On 

200 

5.80 

0.65 

(-) 

200 

10.52 

63.00 

ClasBifier 
slimes. 


Per  cent. 
none 
none 
none 
none 
none 
none 
6tol2 
8  to  16 

remainder 
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It  can  be  seen  that  the  classifier  collects  63  per  cent  of  (-) 
200-mesh  product  along  with  the  sands.  This  is  poor  classifica- 
tion and  results  in  extra  tube-mill  work.  However,  the  advan- 
tage of  using  a  classifier,  which  delivers  a  thick  product  for  the 
tube-mill,  compensates  somewhat  for  this  disadvantage. 

Treatme7it  of  the  slimes, — The  slimes,  having  a  thickness  of 
about  9  to  1,  pass  from  the  Dorr  classifier  to  a  20  by  14  foot 
Dorr  thickener.  The  overflow  from  the  thickener  passes  to  a 
clarifying  tank,  thence  to  a  gold-solution  tank,  and  thence  to  3 
sets  of  7-compartment  zinc-boxes. 

The  pulp  from  the  thickener  passes  to  two  12  by  40  foot  Pa- 
chuca  tanks  connected  in  series.  The  central  columns  of  the 
Pachucas  discharge  at  the  surface,  and  an  air  pressure  of  about 
32  pounds  is  used.  The  solution  has  a  strength  of  from  0.12 
to  0.20  per  cent  potassium  cyanide,  and  the  pulp  has  a  thickness 
of  about  1.5  to  1.  After  agitation  in  the  Pachucas,  the  pulp 
passes  by  launder  to  a  second  Dorr  thickener.  Previous  to  en- 
tering the  thickener,  the  pulp  is  diluted  with  solution  from  the 
Oliver  filters.  The  overflow  from  the  thickener  passes  to  a 
clarifying  box,  and  thence  to  2  sets  of  7-compartment  zinc-boxes. 
When  first  operated  the  thickeners  gave  trouble  owing  to  the 
great  amount  of  slimy  foam  which  overflowed  with  the  gold 
solution.  This  diflRculty  was  overcome  by  removing  alternate 
bolts  on  the  rim  launder  and  drawing  off  the  solution  just 
below  the  surface  free  from  foam.  The  foam  is  drawn  off 
separately  by  a  central  launder  and  passes  to  the  Traylor 
agitator. 

The  pulp  from  the  thickener  passes  to  a  20  by  8  foot  Traylor 
agitator,  which  prepares  the  pulp  for  two  11  by  6  by  8  foot 
Oliver  filters,  f'rom  the  filters  the  gold  solution  passes  by 
means  of  wet  and  dry  vacuum  pumps  to  a  12  by  10  foot  storage 
tank.  From  here  part  of  the  solution  is  pumped  to  dilute  the 
pulp  entering  the  second  Dorr  thickener,  and  the  remainder  is 
relayed  to  the  28  by  14  foot  solution  storage  tank  at  the  top  of 
the  mill.  None  of  the  solution  from  the  filters  passes  directly 
to  the  zinc-boxes. 

Solution  of  the  gold. — As  noted,  a  feature  of  the  practice  is 
that  the  gold  solution  is  taken  from  the  Dorr  thickener  for 
precipitation  rather  than  from  the  Oliver  filters.  The  reason 
for  this  lies  in  the  fact  that  about  80  per  cent  of  the  gold  goes 
into  solution  before  the  pulp  reaches  the  Pachucas.  It  would 
seem  from  this  that  the  greater  part  of  the  gold  is  very  fine, 
easily  liberated,  and  readily  attacked  by  the  cyanide  solution. 
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The  presence  of  manganese  probably  has  been  instrumental  in 
producing  this  condition  of  the  gold.  Some  coarse  gold  and  gold 
bound  up  in  the  minerals  are  present,  and  the  Pachucas  give 
the  added  time  necessary  for  their  solution. 

Precipitation  and  clean-up, — A  general  clean-up  is  made  every 
two  weeks,  and  the  bullion  is  melted  once  a  ijionth.  The  zinc 
fines  are  treated  with  sulphuric  acid,  and  the  gold  slimes  are 
washed,  steam  dried,  and  melted  in  a  gasoline,  tilting,  crucible 
furnace.  The  bullion  is  shipped  to  Manila,  where  the  Interna- 
tional Banking  Corporation  advances  value  based  on  the  com- 
pany's own  assay.  The  bank  ships  the  bullion  to  San  Francisco, 
and  later  makes  adjustments  with  the  company. 

Cost  of  operation,- — The  cost  of  minmg  and  milling  at  the 
Colorado  Mine  has  been  placed  at  less  than  8  pesos  per  ton,  and 
there  is  some  reason  to  believe  that  this  figure  will  be  reduced 
under  the  conditions  of  steady  operation.  The  fact  that  the 
cost  of  mining  is  moderately  low  would  lead  to  the  belief  that, 
considering  his  low  salary,  the  Filipino  is  an  efl[icient  miner. 
It  is  to  be  remembered,  however,  that  the  vein  is  of  such  width  as 
to  permit  stoping  on  an  economical  scale.  Furthermore,  most 
of  the  ore  is  sufficiently  soft  and  fractured  so  as  to  be  readily 
mined  without  the  use  of  dynamite.  On  the  other  hand,  the 
cost  of  general  supplies  is  somewhat  high,  although  lower  than 
at  many  mines  in  the  United  States  not  situated  directly  on  a 
railroad.  The  anomalous  condition  of  having  a  timber  problem 
in  the  midst  of  a  great  forest  has  already  been  discussed,  and 
this  problem  will  become  more  acute  as  the  more  adjacent  trees 
are  removed. 

Owing  to  the  excessive  cost  of  the  mill,  the  original  investment 
is  very  large  in  comparison  with  the  capacity,  and  this  means  a 
higher  cost  per  ton  than  usual  owing  to  the  factors  of  deprecia- 
tion and  interest.  For  this  mill  these  two  factors  alone  mean  a 
cost  of  about  1  peso  per  ton,  and  it  is  possible  that  this  amount 
has  not  been  included  in  computing  the  total  cost  of  operation. 

It  was  the  belief  of  the  writer  when  first  coming  to  the  Philip- 
pines that  the  depreciation  for  this  country  would  be  especially 
high,  and  experience  in  many  cases  has  justified  this  belief. 
However,  there  are  instances  where,  under  good  construction, 
the  depreciation  has  been  no  greater  than  in  the  United  States. 
The  destruction  of  buildings  under  the  attacks  of  white  ants  or 
other  insects  does  not  always  seem  a  serious  consideration,  as 

^  For  a  complete  discussion  of  costs,  see  Eddingfield,  Min.  Resources  P.  /. 
for  1910,  Bur.  ScL,  Div.  Min.   (1911),  10. 
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there  are  numerous  buildings,  properly  constructed,  which  have 
lasted  for  many  years ;  certainly  many  years  longer  than  the  prob- 
able life  of  any  mine.  It  is  also  known  that  white  ants  do 
not  attack  timbers  which  vibrate  under  the  shocks  of  machinery. 
The  construction  work  on  the  Colorado  mill  is  of  such  order 
that  it  appears  unnecessary  to  allow  an  excessive  depreciation 
charge. 

THE  EASTERN  MINE. 

The  Syndicate  Mining  Company  which  holds  a  bond  and  lease 
on  the  Eastern  Mine  continued  active  development  work  through- 
out 1911,  and  by  the  end  of  the  year  had  greatly  increased  the 
actual  ore  in  sight.  The  workings  of  the  mine,  and  the  char- 
acter of  the  ore,  have  already  been  accurately  described,  and 
as  stated  by  Eddingfield,^  the  mine  ^'presents  a  possibility  of 
having  over  100,000  tons  of  ore  averaging  9  to  10  dollars  per 
ton.*' 

The  development  work  has  now  reached  the  stage  where  it 
would  seem  that  the  erection  of  a  mill  is  warranted.  In  con- 
formity with  this  plan,  a  sample  of  ore  was  submitted  to  the 
division  of  mines,  for  testing,  and  the  results  obtained  were 
most  encouraging.  Through  the  kindness  of  Judge  Geo.  N. 
Hurd  the  results  of  these  tests  are  here  given  in  brief. 

TESTS   ON   EASTERN   ORE. 

The  ore. — The  ore  consists  of  quartz  and  calcite  with  some 
manganese  (wad,  oxides,  etc.).  Sulphides  are  subordinate. 
The  value  of  the  sample  is  54  pesos  per  ton. 

Amalgamation  test, — At  20-mesh,  16.4  per  cent  can  be  saved 
by  amalgamation  where  stamps  and  outside  plates  are  used. 

Concentration  test, — At  20-mesh  the  ratio  of  concentration 
was  100  to  1.  There  appears  no  benefit  nor  object  in  concen- 
tration on  this  type  of  ore. 

Cyanidation  tests, — At  20-mesh,  division  was  made  into  sands 
and  slimes,  and  the  slimes  showed  a  high  extraction.  With  the 
sands,  only  a  moderate  extraction  was  obtained. 

Screen  test  at  20-mesh. 


Products.  I  Weight,  i     Gold.        Assay. 


I  Per  cent.    Per  cent,  i  Pesos. 

20-me8h  orifirinal - 100      i      100        \  64.00 

OnlOO-mesh - - --           80.2  ;        73.37  50.84 

Through  100-mesh - - 19.8,        27.72  76.06 

*  Loc.  cit.y  p.  14. 
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This  test  shows  that  when  crushin^r  through  20-mesh,  approx- 
imately 80.2  per  cent  can  De  considered  as  sands  and  19.8  per 
cent  can  be  considered  as  slimes.  As  is  so  generally  true,  the 
slimes  assay  considerably  higher  per  ton  than  do  the  sands, 
although  the  slimes  actually  contain  only  27.72  per  cent  of  the 
gold. 

Where  the  ore  is  crushed  through  20-mesh  and  divided  into 
sand  and  slimes  the  following  was  shown : 

Cyanide  testa  on  sands  and  slimes. 


Products. 


Sands 
Sands 
Slimes 


Assay 
heads. 


PenoH. 
5().S4 
50.  H4 
76. 06 


Assay 
Uils. 


Pesos. 
24.00 
15.  90 
6.70 


Extrac- 
lion. 


Per  crttt. 
55.  5 
70.4 
88 


Time. 


2  days 

5  days 

12  hours 


■  Strensrth  ,  Consump- 


of 
i  solution. 

Per  cent. 
0.09 
0.28 
0.26 


tion  per 
ton  of  ore. : 


Poun4i4i. 

0.8 
1.0 
0.8 


Method. 


I^eachinfr. 
I.K!tachintr. 
Airitation. 


It  is  apparent  from  the  above  table  that  a  much  better  extrac- 
tion can  be  obtained  on  slimes. 

The  ore  was  next  put  through  100-mesh  by  means  of  a  tube- 
mill  and  the  following  tests  were  made: 


Fine-grinding  cyanide  tests — ore  through  lOO-tnesh^ 
effect  of  time.) 


(Shoiving 


Assay 
heads. 


pesos. 
54.00 
54. (K) 
54.00 
54.  (JO 
54.00 


Assay 
tails. 


Extrac- 
tion. 


Ratio  of   Strength 
Time.       solution  of 

to  ore.      solution. 


Pesos.       Per  cent.     Hours. 


sumption 
per  ton 
of  ore. 


Per  cent.  \  Pounds, 


13.60 
10.  (K) 
6.60 
6.60 
6.20 


74.4 
81.5 
87.7 
87.7 
88.4 


1 
2 

4.5 
6 
16 


0.28 
0.28 
0. 28 
0.28 
0.63 


0.6 
0.8 
0.8 
0.8 
0.8 


Fine-griyiding  cyanide  tests — ore  through  lOO-mcsh.^ 
effect  of  thickness  of  pulp.) 


{Showing 


Assay 
heads. 


Pesos. 

54.00 
54.00 
54.00 
54.00 


Assay 
Uils. 


Pesos. 
6.60 
4.24 
4.00 
3.20 


Extrac- 
tion. 


Per  cent. 

87.7 


92.6 
94 


Tin 


Hours. 
22 
22 
22 
22 


Ratio  of    Strength 
solution 
to  ore. 


Con- 
.         sumption 

solution 


per  ton 
of  ore. 


Per  cent. 

0. 28 

0.26 

0. 26 

I        0.26 


PouncU. 

0.8 
0.8 
0.8 
0.8 


«  The  ore  was  agritated  in  bottles,  and  in  all  cases  lime  was  added. 

As  shown  by  the  first  table,  the  extraction  increases  from 
74.4  per  cent  in  one  hour  to  87.7  per  cent  in  six  hours.  Further 
time  increases  the  extraction  only  a  slight  amount.     As  shown 
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by  the  second  table,  the  extraction  increases  from  87.7  per  cent 
in  a  1:1  pulp  to  94  per  cent  in  4:1  pulp. 

To  ascertain  the  effect  of  amalgamation  previous  to  cyanida- 
tion,  a  split  of  the  same  tube-milled  sample  was  amalgamated 
and  showed  44.4  per  cent  extraction  by  amalgamation.  The 
tailings  were  then  cyanided  without  further  crushing  and  showed 
95.4  per  cent  extraction  in  twelve  hours  where  the  strength  of 
solution  was  0.26  per  cent  KCN  and  the  ratio  of  solution  to  ore 
was  3:1.  The  consumption  in  this  test  was  0.4  pound  of  cyanide 
per  ton  of  ore.  The  conclusion  is  that  amalgamation  previous  to 
cyanidation  will  give  a  greater  extraction  in  the  same  time;  or, 
in  other  words,  will  give  the  same  extraction  in  less  time. 

The  ore  was  next  put  through  150-mesh  by  means  of  a  tube- 
mill,  and  cyanide  tests  gave  the  following  results : 

Fine-grinding  cyanide  testa — ore  through  150-mesh. 

\    Assay     '    Assay       Extrac-       t,.    „        S^^.V^'jo/  ^^''^T*^^^  «"^P^^^^^ 
I    heads.    ,     tails.  tion.  ^-^     -;^-     ^„,«^^„       per^ton 

Penoa.     I    f'eiton.       Per  cent.  \    Mourn.  Percent.    Pounds. 

54.  IK)     i        3.20    :        94        i  12  2   :    1  0.26  1.6 

54.00    I         1.82  96.6  12  2   :    1  0.26  1.2 


As  shown  by  this  test  from  94  per  cent  to  96.6  per  cent 
extraction  can  be  obtained  when  the  ore  is  put  through  150- 
mesh,  whereas  about  90  per  cent  is  obtained  under  the  same 
conditions  when  the  ore  is  put  through  100-mesh. 

It  is  evident  from  these  tests  that  the  ore  is  well  adapted  to 
cyanidation  where  the  all-sliming  process  is  used.  It  has  been 
shown  that  greater  than  90  per  cent  extraction  can  be  obtained, 
that  the  time  required  is  moderate,  and  that  the  consumption 
of  cyanide  is  low. 

In  view  of  the  tonnage  developed  and  of  the  high  extraction 
possible  with  a  suitable  mill,  it  would  seem  that  this  mine 
is  in  a  position  to  command  the  capital  necessary  for  the  erection 
of  a  plant. 

OTHER   PROPERTIES. 

The  Tengo  Mining  Company  did  a  little  development  work 
and  operated  the  mill  for  a  few  days  during  which  some  2,000 
pesos  worth  of  gold  was  recovered  by  amalgamation  alone. 

It  is  now  fairly  well  established  that  the  ores  of  the  district 
require  a  large  outlay  of  capital  before  successful  production  can 
begin,  and  the  splendid  returns  from  the  Colorado  mill  will 
undoubtedly  make  the  securing  of  capital  a  far  easier  task  in  the 
future  than  it  has  been  in  the  past. 


THE  PARACALE  DISTRICT. 


By  F.  T.  Eddingfield. 


Gold  dredging  seems  to  have  fulfilled  the  prediction  made  last 
year  by  Fanning.^  The  gold  produced  by  dredging  in  1911 
shows  an  increase  of  about  50  per  cent  over  1910  and  an  increase 
of  16  per  cent  over  the  entire  production  of  the  district  in  1910. 

Gold  production. 

[Values  in  Philippine  currency.] 
Quartz 


;     1910            12H.f>(»5             4,S.  ayf)     I 
I     191 1  19K.  IKK)      ...       i 

i <    ^  i 

During  the  year  1911  the  Stanley  dredge,  the  Tumbaga  Mine, 
and  the  San  Mauricio  Mine  were  not  operating,  so  the  entire 
production  has  come  from  the  Paracale  dredge  and  the  one  on 
the  Maliguit  River  operated  by  the  Heize  Dredging  Syndicate. 

The  Paracale  Bucket  Dredging  Proprietary,  Limited,  backed 
by  Australian  capital,  has  been  organized  to  take  over  the  prop- 
erty of  the  Paracale  Gold  Dredging  Company.  They  have  con- 
tinued operating  the  old  dredge  and  have  started  building  a 
much  larger  one,  which  is  to  be  of  the  close-connected  type  with 
buckets  of  5  cubic  feet  capacity.  It  will  be  operated  without 
a  screen  in  accordance  with  the  latest  Australian  practice.  The 
buckets  dump  into  a  box  into  which  a  strong  jet  of  water  is  played 
to  break  up  the  cemented  sand  and  clay.  From  the  box  all  the 
material  flows  over  the  tables.  It  is  claimed  that  the  clay  and 
cemented  sand  is  further  broken  up  by  the  bumping  and  grind- 
ing action  as  the  material  passes  over  the  riflSies. 

Several  dredges  in  Australia,  which  were  unable  to  pay  divi- 
dends while  using  screens,  proved  very  profitable  when  the  screens 
were  removed  and  the  entire  material  allowed  to  flow  over  the 
tables.  With  this  modification  it  is  said  that  the  dredges  handle 
more  material  and  save  more  gold. 

\Min.  Resources  P.  I.  for  1910,  Bur.  ScL,  Div.  Min.   (1911),  18. 
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The  pontoon  for  the  new  Paracale  dredge  is  being  built  of 
native  hard-wood  cut  and  sawed  on  the  property,  the  two  classes 
of  wood  used  being  malapajo  and  palansalan.  The  latter  wood 
is  said  to  be  remarkably  good  for  under-water  service.  Rough 
calculation  shows  that  this  wood  can  be  obtained  for  about  35 
pesos  per  1,000  board  feet. 

The  dredge  at  present  working  at  Paracale  digs  up  each  day 
several  tons  of  quartz  fragments,  many  of  which  contain  visible 
gold.  These  are  sent  to  a  mill  built  on  the  south  side  of  the  river. 
At  the  mill  the  ore  is  crushed  partly  by  hand,  then  run  through 
a  small  jaw-crusher,  and  elevated  by  a  bucket  conveyor  to  the 
ore  bin.  From  the  bin  the  ore  is  fed  into  a  5-foot  Huntington 
mill  and  thence  passes  over  amalgamation  plates.  The  tails  are 
concentrated  on  a  shaking  table  and  the  concentrates  are  shipped 
to  Australia.  The  quartz  is  so  hard  that  difficulty  is  encountered 
in  crushing  with  this  machinery.  A  larger  crusher  followed 
by  stamps  would  prove  a  good  installation. 

A  dredge  is  also  being  built  by  the  Philippine  Exploration 
Company  at  the  Gumaus  property.  This  is  a  5.5-cubic-foot 
Empire  steam-driven  dredge  with  wood  hull  and  framing  de- 
signed by  the  New  York  Engineering  Company.  It  is  of  the 
close-connected  bucket  type  with  screens  and  stacking  ladder  and 
will  be  held  against  the  working  face  by  "spuds,"  one  steel  and 
one  wood.  The  pontoon  is  made  principally  of  pine.  It  will 
be  interesting  to  compare  the  durability  as  well  as  the  efficiency 
of  this  dredge  with  the  new  dredge  of  the  Paracale  Bucket 
Dredging  Company. 

The  Gumaus  property  is  not  very  heavily  wooded,  and  it  is  not 
improbable  that  wood  for  fuel  will  be  somewhat  expensive.  The 
ground  is  said  to  average  1.04  pesos  per  cubic  meter  and  to  vary 
in  depth  from  8  to  20  meters.  The  gold  in  this  deposit  differs 
from  the  Paracale  gold  in  being  generally  in  rounded  grains 
showing  practically  no  crystallization.  It  is  light  yellow,  and 
seems  to  be  singularly  free  from  iron  stain.  There  is  also  more 
uniformity  in  the  size  of  the  grains  and  a  smaller  percentage 
of  fine  gold. 

Since  the  closing  down  of  the  San  Mauricio  and  Tumbaga 
Mines,  the  majority  of  prospectors  have  left  Paracale  for  other 
fields.  However,  Mr.  La  Due  has  been  working  steadily  on  the 
Navotas  group  and  has  sunk  several  shafts  on  small  stringers. 
The  main  shaft  is  of  2  compartments,  well  timbered;  a  bucket 
running  on  guides  is  used  for  hoisting.  A  good  head-frame  has 
been  erected  over  the  shaft  and  a  Mundy  hoist  has  been  installed. 
It  was  reported  that  the  stringers  though  small  are  very  rich  in 
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gold.  The  property  is  situated  almost  directly  west  of  Paracale 
and  can  be  reached  from  there  in  about  one  and  one-half  hours. 

Southwest  of  Paracale,  on  Mount  Togas,  are  a  large  number 
of  veins  striking  northeast  and  southwest.  They  show  evidence 
of  having  been  extensively  worked  in  the  past  by  natives.  Two 
years  ago  Mr.  Samoza  worked  an  an-astra  at  this  place  for 
a  short  time.  Mr.  Lafferty  is  now  prospecting  these  veins 
and  has  uncovered  some  good-looking  deposits.  Rumor  tells  of 
an  exceedingly  rich  vein  in  this  section  which  the  old  natives 
called  the  hmc  (the  Tagalog  word  for  Chinaman)  lead,  because 
the  gold  in  the  ore  is  shaped  almost  like  the  Chinese  eye.  It  is  not 
impossible  that  this  vein  exists,  as  well  as  other  rich  ones,  for 
the  district  of  Paracale  has  never  been  properly  prospected. 
Prospectors  have  been  generally  content  with  opening  up  the  old 
native  workings  and  doing  little  new  work. 

The  Heize  Syndicate  is  still  operating  successfully  with  a 
dredge  on  the  Malaguit  River,  and  steps  are  being  taken  by 
the  Stanley  Company  to  put  their  dredge  in  working  order. 


THE  BAGUIO  MINERAL  DISTRICT  IN  1911. 


By  Wallace  E.  Pratt. 


The  Baguio  Mineral  District,^  located  near  the  City  of  Baguio 
in  the  Subprovince  of  Benguet,  has  been  discussed  each  year  in 
the  Mineral  Resources  of  the  Philippine  Islands  and  has  been 
the  subject  of  several  articles  in  the  Philippine  Journal  of 
Science.  All  the  available  data  on  the  geology  and  ore  deposits 
may  be  found  in  the  articles  cited  in  the  footnote.  The  gold 
ore  of  this  district  is  classed  as  generally  low  grade  (10  to  20 
pesos  per  ton)  with  irregular  and  local  high  values.  The  pre- 
vailing rock  has  been  shown  to  be  andesite.  The  veins  are 
usually  true  fissure  veins,  with  subordinate  contact  deposits 
between  andesite  and  diorite  and  between  andesite  and  sedi- 
mentaries.  Quartz,  calcite,  and  manganese  characterize  the  vein 
material. 

In  October,  1911,  the  Baguio  district  suffered  the  severest 
typhoon  in  its  history.  New  mills  were  severely  damaged,  and 
in  some  cases  destroyed,  on  properties  which  had  already  suffered 
the  loss  of  mills  and  other  property  through  earlier  typhoons. 
Mine  roads  were  obliterated  by  land  slides,  and  high  water  cut 
off  all  communication  with  Manila.  Whilo  this  damage  was  a 
severe  blow  to  the  district  and  curtailed  the  annual  production, 
yet  the  confidence  of  the  operating  companies  in  the  ultimate 


'  Metallic  mineral  resources,  by  Maurice  Goodman.     Min.  Resources  P.  /., 
Bur.  Scl,  Div.  Min.   (1908),  22. 

Metallic  mineral  resources  of  the  Philippines,  by  Henry  G.   Ferguson. 
Ibid.  (1909),  20. 

The  Baguio  mineral  district,  by  Frank  T.  Eddingfield.     Ibid.  (1910),  14. 

Developments  in  the  Baguio  district,  by  Warren  D.  Smith.     Ibid.  (1911), 
15. 

Geology  and  geography  of  the  Baguio  mineral  district,  by  A.  J.  Eveland. 
Phil.  Joum.  Scl,  Sec.  A   (1907),  2,  207. 

Additional  notes  on  the  economic  geology  of  the  Baguio  mineral  district. 
Ibid.  (1911),  6,  429. 

The  gold   deposits  of  the   Philippine   Islands,  by   Henry   G.    Ferguson. 
Econom.  Geol.  (1911),  6,  109. 
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value  of  their  properties  is  unshaken,  and  the  recovery  of  the 
industry  is  already  becoming  evident. 

That  typhoons  and  the  resulting  floods  are  factors  which  must 
be  taken  into  account  in  mining  practice  in  the  Philippines  has 
already  been  pointed  out  by  Eddingfield  -  in  discussing  the  placer 
deposits  of  Nueva  Ecija.  The  typhoon  factor  in  the  Baguio 
district  is  recognized  by  the  experienced  operators  as  extremely 
important  and  it  will  be  given  greater  consideration  as  the  dis- 
trict develops.  Already  there  is  a  tendency  to  avoid  the  lowest 
terraces  along  the  Antamok  River  in  locating  new  mill  sites. 
The  older  mills  were  built  on  these  lower  terraces,  on  account  of 
the  favorable  steep  slopes  obtained,  but  it  is  probable  that  future 
mills  will  be  located  higher  above  the  river  bed,  even  at  the  ex- 
pense of  less  favorable  slopes  and  longer  pipe  lines  for  water 
power. 

The  gold  production  for  the  Baguio  district  in  1911  amounted 
to  66,406  pesos  as  compared  with  95,960  pesos  in  1910,  243,500 
pesos  in  1909,  270,600  pesos  in  1908,  and  155,520  pesos  in  1907. 
The  Headwaters,  the  Benguet  Consolidated,  the  Major  Mines,  and 
the  Camote-CIayton  have  contributed  to  the  year's  production. 

The  Camote-CIayton  on  the  lower  Antamok  River  is  equipped 
with  a  3-stamp  battery  and  plates  for  amalgamation.  Mr. 
Reavis  who  is  in  charge  of  the  property  has  recently  made  an 
attempt  at  cyanidation ;  the  tailings  from  the  plates  are  sent  to 
an  improvised  classifier  and  the  sands  from  this  to  leaching 
tanks,  whence  the  solution  is  decanted  to  zinc-boxes  for  precipi- 
tation. Power  for  the  mill  is  supplied  by  an  overshot  water- 
wheel  made  on  the  property,  water  being  brought  down  in  an  open 
flume  from  about  200  meters  up  the  river.  The  ore  comes  to  the 
mill  by  gravity  by  means  of  a  small  aerial  tramway.  Under- 
ground, Mr.  Reavis  has  continued  development  to  supply  the  ore 
milled.  The  vein  being  worked,  described  by  Eddingfield,^  is  a 
calcite-manganese  vein,  8  to  15  meters  wide  in  a  contact  zone 
between  andesite  and  diorite.  There  is  a  tendency  toward 
banded  structure  of  calcite  and  manganese.  The  milling  ore  is 
largely  calcite,  much  blackened  by  manganese  oxides,  with  oc- 
casional patches  of  lighter  colored  quartz,  apparently  less  con- 
taminated with  manganese.  Recent  development  encountered 
ore  carrying  visible  gold  at  a  point  14  meters  below  the  lowest 
former  workings.  In  the  specimens  exhibited,  considerable  free 
gold  and  some  malachite  can  be  seen  in  an  otherwise  typical  ore. 


'  Min.  Resources  P.  I.  for  1909,  Bur.  ScL,  Div.  Min.  (1910),  26. 
•  Loc.  cit. 
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On  the  Major  group  of  claims,  located  on  a  tributary  of  Gold 
Creek  (Gold  Creek  and  Antamok  River  are  roughly  parallel, 
separated  by  a  high,  narrow  ridge,  and  together  drain  the  area 
adjacent  to  the  principal  mines  of  the  district),  a  6-stamp  Hendy 
mill  operated  during  the  early  months  of  1911.  An  unusually 
large  number  of  veins  have  been  found  on  the  property,  charac- 
terized, according  to  Smith  and  Eddingfield,*  by  pyrite  sometimes 
accompanied  by  galena  and  copper  sulphides,  in  a  quartz  gangue. 
Ore  with  visible  free  gold  has  been  noted  in  some  of  the  veins. 
The  veins  occur  in  andesite  and  sedimentaries,  possibly  a  result 
of  contact  phenomena. 

The  Benguet  Consolidated  is  located  on  the  Antamok  River 
and  is  the  oldest  property  in  the  district.  It  was  damaged 
beyond  operation  by  the  flood  in  October,  1911,  which  destroyed 
the  pipe  line  for  water  power.  The  cyanide  mill  had  been 
destroyed  by  the  flood  of  October,  1909,  and  in  the  interim  the 
stamp  mill  had  been  run  under  difficulties,  the  tailings  from  the 
amalgamating  plates  going  to  waste.  The  Consolidated  has 
developed  a  large  tonnage  of  ore  and  is  considered  to  have  a 
valuable  asset  in  its  possible  ore  reserves. 

The  Headwaters  Mine,  located  on  the  upper  part  of  the  Anta- 
mok River,  was  operated  only  a  few  months  after  the  completion 
of  a  new  cyanide  mill  in  1911  when  it  was  forced  to  close  down 
by  the  flood  in  October,  The  following  notes  concerning  the 
first  operation  of  the  Headwaters  mill  were  obtained  by  Mr.  P.  R. 
Fanning  of  the  division  of  mines,  through  the  courtesy  of  Mr.  F. 
L.  Cole,  who  was  in  charge  of  the  mill  at  that  time. 

The  ore  was  trammed  by  hand  from  the  mine  to  the  mill, 
where  it  was  passed  over  grizzly  bars  and  through  a  Blake  jaw 
crusher  to  the  mill  ore-bin.  From  the  bin  the  ore  was  fed  to 
a  Hendy  10-stamp  mill  by  Challenge  feeders.  The  stamp-mill 
product  was  classified  by  an  8-foot  Callow  conical  classifier  from 
which  the  slimes  went  to  a  slimes  collector  and  the  sands  to  a 
Hardinge  conical  tube-mill,  followed  by  a  double  cone  classifier 
from  which  the  slimes  went  to  the  collector  and  the  sands  were 
returned  to  the  tube-mill  by  a  Frenier  sand-pump.  The  slimes 
from  the  collector  were  agitated  from  eight  to  sixteen  hours 
in  2  Pachuca  tanks,  and  then  passed  through  2  conical  collecting 
tanks  to  a  Ridgway  filter.  The  solution  from  the  filter  went 
through  a  gold-solution  tank  to  zinc-boxes  from  which  it 
went  to  the  sump  for  return  to  the  head  of  the  mill.  The 
precipitated  values  were  cleaned  by  acid  and  smelted  to  bul- 
lion in  a  gasoline  pot-furnace.     Owing  to  difficulty  in  the  opera- 

*  Loc.  cit. 
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tion  of  the  Ridgway  filter,  it  was  cut  out  of  the  process  and  the 
gold  solution  was  decanted  directly  from  the  conical  collecting 
tanks  to  the  gold-solution  tank.  The  collecting  tanks  used  as 
decanters  were  fitted  with  filter  bottoms,  consisting  of  boards 
perforated  with  1-inch  holes,  covered  with  burlap,  coco-matting, 
and  light  drill  sheeting. 

In  usual  practice  the  ore  was  crushed  in  cyanide  solution 
averaging  0.05  per  cent  potassium  cyanide.  Cyanide  was  added 
in  the  collector  to  bring  the  strength  of  solution  up  to  0.15  per 
cent  potassium  cyanide.  To  neutralize  the  varying  acidity  of 
the  quartz-calcite-ore  from  5  to  20  pounds  of  lime  per  ton  of  ore 
were  required.  The  capacity  of  the  mill  was  from  60  to  70  tons 
per  twenty-four  hours  with  the  stamps  dropping  at  the  rate  of 
100  per  minute.  Running  at  this  capacity  on  average  ore  with 
the  stamps  crushing  through  12-mesh  and  the  tube-mill  reducing 
the  pulp  until  95  per  cent  of  it  passed  100-mesh,  the  treatment 
recovered  90  per  cent  of  the  gold  values.  Power  is  supplied 
by  a  6-foot  Pelton  wheel  with  a  100-foot  head  of  water,  supple- 
mented by  2  gasoline  engines  of  15  and  25  horsepower  respec- 
tively. Water  for  power  is  obtained  by  means  of  a  diversion 
weir  across  the  river  about  500  meters  above  the  mill  and  an 
18-inch  steel  pipe  line  with  a  pressure  box  at  the  mill-site. 

In  March,  1912,  the  Headwaters  Mine  resumed  operation  under 
the  management  of  Mr.  Phillipson,  of  Baguio,  with  Mr.  W.  D. 
Power  supervising  the  mill  and  the  mine.  Through  the  courtesy 
of  these  gentlemen  the  following  data  were  obtained  concerning 
the  first  cleanup. 

Tons  of  ore  treated :. 400 

Hours  of  mill  operation  178 

Per  cent  of  extraction   (approximately) 90 

Value  of  cleanup:  Pesos. 

Gold    6,551.58 

Silver    87.52 

Total   6,639.10 

Mr.  Power  made  no  attempt  to  use  the  Ridgway  filter  because 
of  its  extreme  complication.  Satisfactory  results  were  obtained 
by  decantation  since  the  slimes  settle  rapidly.  The  ore  for  this 
run  was  considered  to  be  representative  of  the  average  Head- 
waters ore  in  gold  value.  The  mill  is  handicapped  by  insufficient 
power  on  account  of  the  low  stage  of  the  river.  It  is  planned 
to  replace  the  gasoline  engines  by  one  of  50  horsepower.  The 
present  management  is  storing  a  quantity  of  supplies  sufficient 
to  permit  the  operation  of  the  mine  throughout  the  approaching 
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wet  season,  in  anticipation  of  the  interruption  of  communication 
with  Manila  by  floods. 

The  Bua  Mine  in  the  Antamok  Valley,  and  the  Muyot  Mine 
and  the  Kelley  Mine  both  in  the  Gold  Creek  Valley,  are  all  prop- 
erties on  which  extensive  development  work  has  been  done.  On 
the  Bua,  a  Hendy  6-stamp  mill  has  stood  idle  since  October,  1909, 
when  floods  destroyed  the  flume  which  carried  water  for  power 
and  damaged  the  mill  considerably. 

Neither  the  Muyot  nor  the  Kelley  properties  have  installed 
mills.  The  Kelley  Mine  has  opened  up  5  separate  veins  which 
are  partially  developed  by  drifts  and  crosscuts.  The  ore  is  a 
pyrite-bearing  quartz,  and  gold  as  a  telluride  has  been  reported. 
The  veins  are  not  all  parallel  and  the  resulting  intersections  and 
branchings  suggest  an  irregular  vein  system  or  fracture  zone. 

On  a  number  of  other  claims  in  the  district,  the  annual  assess- 
ment work  has  been  done  as  usual.  From  the  Bonanza  group, 
east  of  the  Headwaters  Mine,  ore  containing  visible  free  gold 
was  encountered  in  recent  development  work. 


CANSURAN  MINING  DISTRICT. 


By  F.  T.  Eddingfield. 


LOCATION. 


The  Cansuran  Mining  district  is  located  about  10  kilometers 
south  of  Surigao,  Mindanao,  near  the  center  of  the  Peninsula 
of  Surigao.  The  district  extends  from  a  little  beyond  Mounts 
Canmajat  and  Binutong  north-easterly  to  the  Surigao  River, 
comprising  principally  the  area  between  the  Biga  and  the  Tun- 
gunaan  Rivers  which  flow  into  the  Surigao. 

HISTORY  AND  DEVELOPMENT. 

It  is  said  that  over  thirty  years  ago  an  Englishman  operated 
in  the  district  for  a  short  time.  About  the  year  1885  a  Spaniard, 
Ricardo  Gonzales,  obtained  a  concession  by  which  he  controlled 
all  the  water  rights  of  the  district.  He  did  no  mining  himself, 
but  granted  water  rights  to  the  natives  for  25  per  cent  of  the 
gold  produced,  with  the  privilege  of  buying  at  a  very  low  figure 
all  of  the  gold  which  they  obtained.  Since  that  time  the  natives 
have  worked  w^henever  sufficient  water  could  be  obtained  for 
sluicing. 

While  the  methods  employed  by  the  natives  were  very  crude, 
they  were  able  to  recover  a  large  percentage  of  the  gold  from  the 
gravels.  They  carried  water,  sometimes  several  hundred  meters 
by  means  of  flumes  made  from  the  bark  of  trees,  the  most  durable 
flumes  being  made  of  palma  brava.  Even  a  very  small  stream 
of  water  enabled  them  to  do  very  extensive  work.  The  water 
was  led  to  the  top  of  the  face  of  the  gravel  to  be  worked  and 
allowed  to  flow  down  it.  The  gravel  was  loosened  by  bars 
or  shovels  and  was  washed  down  through  a  narrow  trench, 
which  in  places  had  to  be  cut  through  the  bed  rock.  The  light 
material  was  allowed  to  wash  aw^ay,  but  the  gravel,  which  accu- 
mulated in  the  trench,  was  raked  and  picked  by  hand  and  finally 
thrown  up  on  one  bank  with  coconut  shells.  The  boulders  were 
piled  on  one  side  of  the  trench,  forming  a  wall  which  retained 
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the  waste.  Boulders  too  large  to  be  moved  by  hand  were  drawn 
out  or  to  one  side  by  means  of  a  rattan  rope  which  wound  upon 
a  post  set  vertically,  guyed  firmly  with  rattan,  and  fitted  with 
one  or  two  horizontal  arms.  Boulders  too  large  to  be  moved  in 
this  maner  were  left  in  place  and  worked  around.  At  regular 
intervals  the  concentrates  in  the  bottom  of  the  trench  were 
panned  to  recover  the  gold.  Some  native  workings  are  shown 
in  Plate  II. 

In  places  where  water  could  not  be  obtained,  tunnels  were 
driven  along  the  bed  rock  and  the  rich  gravels  were  carried  down 
to  water  and  panned.  Some  of  these  workings  are  very  exten- 
sive, undermining  large  areas. 

The  cuts  made  by  the  natives  give  an  excellent  idea  of  the 
extent  of  the  workable  ground  and  of  its  value.  The  average 
miner  can  earn  over  a  peso  a  day,  when  only  two  or  three  work 
together.  When  a  large  number  work  together,  even  better 
earning  is  reported. 

TOPOGRAPHY. 

The  country  between  Surigao  and  the  point  where  the  Cau- 
suran  Creek  enters  the  Biga  is  a  wide  cultivated  valley.  A  road 
is  in  use  for  4  or  5  kilometers  south  of  Surigao  and  is  at  present 
being  extended;  beyond  this  point,  a  trail,  at  places  difficult 
for  a  horse,  leads  to  the  gold  district.  The  Surigao  River  is  too 
shallow  in  many  places  to  permit  the  easy  passage  of  large 
bancas  beyond  the  point  to  which  the  road  has  been  built. 

The  country  between  the  Biga  and  the  Tugunaan  is  very 
precipitous  and  hilly.  The  rivers  and  streams  have  cut  deep 
channels  through  the  country  leaving  steep  slopes.  The  central 
portion  northeast  of  Longong  is  comparatively  flat,  forming  a 
plateau  which  slopes  gradually  toward  the  Surigao  River.  South- 
west and  west  of  Longong,  however,  prominent  hills  with  steep 
sides  make  up  the  country.  Taking  the  junction  of  the  Biga 
and  the  Cansuran  Rivers  as  zero,  the  elevation  of  Canmajat 
would  be  about  400  meters,  Tabasingan  300  meters,  and  Binu- 
tong  250  meters.  All  the  area  is  heavily  wooded  with  tall  trees 
which  would  have  but  little  value  as  lumber,  but  which  must 
be  removed  in  order  to  work  the  ground. 

CHARACTER   OF    THE    DEPOSIT. 

The  gold  occurs  as  placer  and  is  unusually  coarse  for  the  Phil- 
ippine Islands;  many  nuggets  have  been  found  weighing  over 
30  grams  each.  The  great  majority  of  the  gold  as  brought  in 
by  the  native  workmen  would  not  pass  a  30-mesh  screen  and  a 
large  amount  would  be  caught  on  a  10-mesh  screen.     The  grains 
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are  for  the  most  part  well  rounded  showing  considerable  move- 
ment, except  on  Tagbasingan  and  Canmajat  Mountains  where 
crystallized  gold,  often  wire  gold,  is  found  which  apparently  has 
not  been  moved  far.  The  workings  on  Canmajat  are  said  to  be 
in  quartz  and  the  gold  to  be  panned  from  crushed  rock  taken 
from  a  vein  which  cuts  across  Canmajat,  striking  almost  north 
and  south.  The  average  gold  in  the  district  runs  about  790  fine 
in  gold  and  200  in  silver. 

The  gold  in  the  southwestern  part  of  the  property,  that  portion 
which  is  made  up  of  high  hilte  and  ridges,  is  found  in  gravel 
beds  from  3  to  10  meters  thick.  These  beds  cover  the  hills  and 
ridges  almost  uniformly  and  have  the  appearance  of  being  de- 
posited by  one  or  more  old  rivers.  They  are  made  up  of  coarse 
and  fine  gravels.  Boulders  weighing  several  tons  are  common, 
and  boulders  weighing  from  10  to  100  kilograms  each  are  very 
abundant.  Most  of  these,  probably  90  per  cent,  are  andesite, 
others  are  schist,  diorite,  and  red  felsite.  In  the  northwestern 
part  along  the  Cansuran  River  some  quartz  pebbles  were  found, 
but  the  greatest  part  of  the  deposit  contained  no  quartz  pebbles 
of  any  size. 

These  gravel  beds  must  have  been  the  deposits  from  old  rivers 
which  washed  the  gold  of  the  quartz  veins  and  stringers  from  the 
formation  which  at  that  time  covered  the  present  surface.  This 
old  formation  with  its  gold  bearing  veins  and  stringers  has 
been  mostly  eroded  and  the  present  hills  once  formed  the 
valleys  in  which  the  alluvium  was  deposited.  The  unusual  dis- 
tribution of  the  alluvium,  covering  the  hill  sides  as  well  as  their 
crests  and  also  covering  the  depressions  between  hills,  would 
tend  to  indicate  that  an  uplift  had  taken  place  irregularly 
throughout  the  district  and  that  the  old  river  beds  had  been 
raised  above  their  former  positions.  The  character  of  the  bed 
rock  affords  no  conclusive  evidence  supporting  this  theory,  al- 
though the  northeastern  part  has  undergone  great  compression 
stresses  producing  schists  and  much-folded  shales.  This  was 
done  previous  to  the  deposition  of  the  alluvium  and  consequently 
did  not  affect  it. 

The  bed  rock  to  the  northeast  of  the  line  AB  on  Plate  III  is 
shale,  much  flexed  and  folded,  having  no  uniform  dip  or  strike. 
Between  AB  and  CD  a  serpentine  schist  outcrops  and  forms  the 
bed  rock.  This  schist  is  much  altered  and  decomposed  and  is 
so  soft  at  the  surface  that  10  to  20  centimeters  of  the  schist  next 
to  the  alluvium  contain  high  gold  values.  Coarse  pegmatitic 
crystallization  in  spots  is  characteristic  of  this  schist.  To  the 
west  of  the  schist  is  found  the  andesite  bed-rock  not  unlike  the 
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andesite  boulders  found  in  the  alluvium.  The  highest  peaks, 
Canmajat  and  Tagbasingan,  show  this  andesite  in  place.  Both 
of  the  peaks  are  said  to  contain  quartz  veins  rich  in  gold.  It  is 
not  improbable  that  the  intrusion  of  this  andesite  produced  the 
schists  and  compressed  the  shales. 

The  uplift  of  the  district  must  have  been  more  or  less  general 
over  the  entire  peninsula,  raising  at  the  same  time  the  limestones 
of  the  northwestern  and  eastern  coasts.  During  the  period 
following  the  uplift  the  erosion  must  have  been  very  gradual 
as  shown  by  the  fact  that  a  large  part  of  the  alluvium  is  in 
place.  The  heavy  forests,  which  now  cover  the  district  must 
have  sprung  up  during  this  period  and  subsequently  served  to 
hold  the  loose  gravel  in  place.  About  a  meter  or  more  of  soil 
covers  the  gravels  proper.  This  soil  was  produced  by  the  de- 
composition of  the  gravels  as  attested  by  the  fact  that  it  carries 
gold  even  within  a  few  centimeters  of  the  surface.  The  gravels 
below  are  somewhat  weathered  and  partially  cemented  in  places 
and  contain  gold  values  throughout,  although  the  richest  por- 
tions are  found  in  certain  beds  and  streaks  which  generally, 
although  not  universally,  lie  next  to  the  bed  rock. 

VALUE  OF   THE  DEPOSIT. 

The  present  owners  of  the  property  have  built  a  flume  which 
carries  water  from  a  branch  of  Cansuran  Creek  to  a  reservoir  sit- 
uated about  50  to  60  meters  above  their  present  workings.  From 
this  reservoir  water  was  obtained  for  operating  a  sluice  and  it 
is  reported  that  the  ground  worked  at  this  point  averaged  about 
5  pesos  per  cubic  meter.  This  was  said  to  be  an  exceptionally 
rich  area.  On  any  piece  of  ground  where  water  can  be  obtained 
the  natives  are  able  to  make  over  a  peso  per  day.  Plate  III 
shows  the  location  of  some  of  the  native  workings.  Goodman, 
in  his  report,^  stated  that  the  average  value  of  the  ground  worked 
in  certain  parts  of  this  property  was  2.08  pesos  per  cubic  meter. 
He  obtained  this  figure  by  measuring  four  days'  work  of  a  native 
miner  with  3  assistants.  This  amounted  to  a  recovery  of  15.60 
pesos  worth  of  gold  from  7.5  cubic  meters  of  gravel.  He  stated 
further  that  this  represented  an  average  run  for  native  miners 
in  the  district.  Several  test  holes  have  been  sunk  by  the  present 
company  over  a  considerable  area  from  which  pannings  were 
taken  and  values  per  cubic  meter  estimated. 

The  water  supply  used  at  present  by  the  Surigao  Gold  Mining 
Company  is  too  small  to  furnish  power  for  hydraulic  operations. 


^Min,  Resources  P.  I.  for  1908,  Bur.  Sci.,  Div.  Min.  (1909),  44. 
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A  survey  has  recently  been  made  locating  a  ditch  from  the 
Tugunaan  River.  It  was  found  that  this  ditch  could  be  built 
with  little  difficulty  from  the  Tugunaan  to  their  present  reser- 
voir, a  distance  of  1,700  meters,  furnishing  abundant  water  for 
several  hydraulic  machines.  This  would  insure  the  working 
of  all  the  gravels  below  an  elevation  of  120  meters,  assuming 
the  junction  of  the  Biga  with  the  Cansuran  as  zero  elevation. 
There  remains  a  large  amount  of  ground  above  this  elevation 
which  could  only  be  worked  by  means  of  a  high  pressure  pump ; 
this  area  is  approximately  equal  to  3  full-sized  claims,  while  the 
workable  ground  below  the  120-meter  mark  amounts  to  about 
6  full-sized  claims. 

If  on  account  of  probable  unworkable  and  barren  areas  we 
assume  50  centavos  as  an  average  value  of  the  ground,  ignoring 
the  values  of  2.08  and  5  pesos  calculated  by  other  investigators 
and  the  value  of  1  peso  which  was  obtained  in  this  investigation 
by  estimating  the  value  of  numerous  panning  tests  taken  from 
working  places  throughout  the  deposit,  the  amount  of  gold 
recoverable  by  gravity  water-power  would  be  about  7,000,000 
pesos  (3,500,000  dollars  U.  S.  currency)  and  an  additional 
amount  recoverable  by  high  pressure  pump  2,600,000  pesos 
(1,300,000  dollars  U.  S.  currency). 

The  ground  held  by  the  Surigao  Gold  Mining  Company  con- 
sists of  22  full-sized  claims  and  8  half-sized  claims,  an  area  equal 
to  1,664  hectares  (about  4,160  acres).  A  large  part  of  the 
ground  in  this  area  not  mentioned  above  as  sluicing  ground 
would  probably  prove  to  be  good  dredging  ground,  especially 
that  portion  lying  in  the  Tugunaan  Valley.  This  area  contains 
about  600  hectares  (1,480  acres).  A  few  test  holes  have  been 
sunk  in  this  ground  with  a  3.5-inch  drill,  but  no  reliable  results 
were  obtained.  One  or  two  holes  were  sunk  about  20  meters 
before  bed  rock  was  encountered. 

CONCLUSIONS. 

This  property  presents  as  great  possibilities  as  any  mining 
property  in  the  Philippine  Islands.  That  it  has  remained  so 
long  undeveloped  is  remarkable,  but  this  is  probably  due  partly  to 
its  distance  from  Manila,  the  unsettled  condition  of  Mindanao, 
and  the  erroneous  belief  that  it  had  been  thoroughly  worked 
over  in  the  past. 


MISCELLANEOUS  MINERAL  DISTRICTS. 


By  F.  T.  Eddingfield. 


During  the  last  year  the  center  of  mining  activity  has  shifted 
from  the  north  to  the  south.  Very  little  has  been  reported  from 
Mancayan,  Suyoc,  Ilocos  Norte,  Benguet,  or  Pangasinan.  The 
only  northern  district  attracting  much  attention  has  been  north- 
em  Tayabas  at  Dingalan  Bay,  where  rich  deposits  of  placer 
gold  were  found.  A  dredge  is  now  being  built  to  work  part  of 
this  ground. 

The  chief  southern  districts  are  Aroroy,  Paracale,  Marin- 
duque,  Milagros,  Mindoro,  and  Mindanao.  The  first  two  are 
discussed  elsewhere  in  this  publication. 

In  Marinduque  the  stamp  mill,  erected  19  kilometers  south  of 
Santa  Cruz,  is  standing  idle  because  the  ore  at  that  point  proved 
too  irregular  to  be  profitably  worked.  A  large  deposit  of  lead- 
zinc  ore  which  may  prove  economical  is  reported  about  10  kilo- 
meters from  this  point.  It  is  said  that  transportation  will 
probably  be  the  only  serious  problem  to  be  overcome. 

At  Milagros,  Masbate,  are  copper  deposits  which  have  been 
prospected  for  several  years  under  the  direction  of  Mr.  Brobst. 
A  company  has  been  formed  called  the  Oklahoma  Mining  Com- 
pany which  did  some  development  during  the  past  year.  Mr. 
Brobst  reported  that  a  100-meter  tunnel  cut  a  vein  13  meters 
wide  at  a  distance  of  40  meters  from  the  mouth,  but  the  tunnel 
was  continued  to  reach  another  vein  supposed  to  be  80  meters 
farther.     The  vein  cut  contained  lead  and  zinc. 

A  shipment  of  10  tons  of  copper  ore  was  sent  to  the  United 
States  from  which  the  following  returns  were  reported: 

Pesos. 

Gold    200.00 

Silver    85.00 

Copper    600.00 

Lead    20.00 

Total  in  10  tons  of  ore 905.00 
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Mindoro  is  known  to  contain  paying  deposits  of  placer  gold 
and  several  veins  of  copper.  The  presence  of  oil  and  gas  has 
also  been  noted,  but  conditions  have  been  unfavorable  to  their 
development. 

Mindanao  is  attracting  a  great  deal  of  attention.  Placer  de- 
posits are  found  at  Cansuran  and  Placer  in  Surigao,  at  several 
points  in  Misamis,  and  at  numerous  places  in  Butuan  on  branches 
of  the  Agusan  River. 


BLACK  SANDS  OF  PARACALE. 


By  P.  R.  Fanning  and  F.  T.  Eddingfield. 


The  division  of  mines,  Bureau  of  Science,  has  been  carrying 
on  experiments  to  determine  the  economic  possibilities  of  black 
sand  and  especially  the  black-sand  concentrates  caught  on  the 
tables  of  a  dredge.  A  brief  outline  of  the  results  obtained  with 
the  Paracale  black-sand  concentrates  is  given  in  the  following 
article.^ 

The  Paracale  black  sands  are  made  up  of  the  heavy  minerals 
from  the  rocks  and  veins  in  the  formation  formerly  surrounding 
the  placer  deposit.  These  rocks  and  veins  were  decomposed  and 
eroded  and  the  heavy  particles  were  concentrated  in  the  alluvials 
of  the  Paracale  River. 

BLACK-SAND  CONCENTRATES. 

Black-sand  concentrates  are  caught  on  the  tables  of  the  dredge 
and  contain  the  following  minerals:  magnetite,  ilmenite,  pyrite, 
zircon,  limonite,  pyroxene,  olivine,  quartz,  gold,  copper,  metallic 
iron  (partly  from  the  dredge),  and  galena. 

The  gold  occurs:  (1)  As  nuggets,  usually  sharp  and  crys- 
taline,  free  from  other  minerals,  (2)  as  crystals  bound  up  with 
quartz,  (3)  as  crystals  with  magnetite,  (4)  as  very  fine  gold 
free  in  the  sand,  (5)  as  very  fine  gold  in  quartz  grains,  (6)  as 
very  fine  gold  bound  up  in  pyrite. 

The  dredge  treatment  of  these  concentrates  recovers  the  major- 
ity of  the  nuggets  and  the  coarse  gold  bound  up  with  quartz, 
but  only  a  small  percentage  of  the  very  fine  gold  and  practically 
none  of  the  fine  gold  included  in  quartz  and  pyrite. 

It  was  to  ascertain  the  amount  of  gold  lost  and  the  best 
method  of  treatment  that  these  experiments  were  carried  on. 
A  preliminary  concentration  test  was  made  by  panning-table 
concentrates  crushed  to  pass  40-mesh.  The  concentrates  obtained 
from  panning  were  separated  into  magnetic  and  nonmagnetic 
products.     The  gold  panned  out  was  assayed  separately. 


*  The  complete  discussion  of  this  subject  is  to  appear  in  the  Philippine 
Journal  of  Science, 
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Panning,  magnetic  separation  test  of  table  concentrates.^ 
(Values  in  Philippine  currency.] 


Composition.  *> 


Weifirht. 


Pyrite. 


Iron. 


i  Nonme- 
;    tailic. 


Asaay. 


I  Value  di»- 
,  tributed  in 
!     1  ton  of 
,   original. 


Tails         

Nonmafirnetic  concentrates . 
Mairnetic 

Gold 

Loss  in  slime       .  ... 


drams.    I^r  cent.    Per  cent.   Per  rent. 


10.76 
33.40  ' 
52.41 

3.4;i 


20 
60 
3 


10 

40  j 
»7  ! 


Ihmoti.     I 
16.82  i 
128.36  i 
2.40 


I 


*>  Estimated  by  the  eye. 


/ViKM. 

1.80 
42.88 

1.26 
63.40 
101.92 


■  Original  sample  assayed  211.26  pesos. 

A  second  sample  of  200  grams  treated  in  the  same  manner 
with  extreme  care  gave: 

[Values  in  Philippine  currency.] 


Weiirht.      Assay. 


Nonmaifnetic 
Masmetic  iron 
Gold 
Loss 


drams. 
91.4 
107.5 


Pema. 
102.80 
18.20 


1.1 


Value  dis- 
tributed in 

1  ton  of 
!    original. 

/V#o#. 

6L00 

7.08 

91..78 

6L40 


Some  of  the  free  gold  is  coated  with  iron  rust  and  conse- 
quently is  difficult  to  amalgamate;  the  crushing  also  liberated 
more  free  gold  than  an  original  sample  would  contain;  this 
is  shown  in  the  following  amalgamation  test  on  the  original 
sample. 

Amalgamation  test  on  original  table  concentrates, 
[Values  in  Philippine  currency.] 


:  Weiarht  of    Assayed       fr„:i„ 
•    sample.      original.       **"*• 


Gold  re-     Gold  re-  ! 
covered,      covered,   ' 


drams. 
\,  033. 4 


Pesos. 
211.26 


Pesos. 
127.26 


Pesos. 
84.00 


Per  cent. 
39.7 


The  amount  recovered  by  panning  the  crushed  sample  was 
43.4  per  cent  and  the  amount  recovered  by  amalgamation  of  the 
original  39.7  per  cent.  It  can  not  be  expected  that  the  dredge 
could  save  more  than  either  of  these  tests  and  it  is  probable 
that  it  can  not  save  nearly  as  much. 

This  sample  was  supposed  to  be  a  representative  sample  from 
the  dredge,  and  if  this  were  the  case  it  is  apparent  that  the 
dredge  loses  more  than  50  per  cent  of  the  gold  in  the  ground. 
This  figure  has  been  confirmed  by  sampling  the  dredge  tailings, 
concentrating  and  assaying  them,  and  estimating  the  total  amount 
of  this  class  of  sand  wasted  and  comparing  the  result  with  the 
output  of  the  dredge. 
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This  does  not  mean  that  the  dredge  loses  50  per  cent  of  the 
value  of  the  ground  as  estimated  by  drive-pipe  tests,  for  such 
is  probably  not  the  case.  The  drive-pipe  tests  themselves  show 
only  50  per  cent  or  less  of  the  gold  actually  in  the  ground  for 
such  tests  and  are  analogous  to  the  panning  concentration  tests 
given  above,  where  less  than  50  per  cent  of  the  gold  content 
is  saved  as  free  gold. 

METHODS  OF  TREATMENT  OF  TABLE  CONCENTRATES. 

Sample  No.  1  represents  the  black  sand  caught  in  the  tables 
and  riffles  of  the  dredge,  and  thrown  aside  after  panning  out 
the  free  gold  in  the  regular  cleanup.  Sample  No.  2  represents 
the  concentrates  in  which  mercury  had  been  used  by  the  dredge 
during  its  cleanup.     The  following  tests  were  made: 

Magnetic  separ^ation. — The  majority  of  the  gold  in  the  sample 
occurs  free  (due  to  improper  panning  in  the  dredge  cleanup) 
or  in  association  with  the  nonmagnetic  material.  Hence  mag- 
netic treatment  will  remove  a  great  bulk  of  low  grade  tailings 
and  leave  a  high  grade  shipping  product.  This  is  shown  in  the 
following  test: 

Magnetic  separation  test  on  sample  No.  2. 
[Values  in  Philippine  currency.] 


Products.  ;  Weight,  j  Weigrht. 


Orifirinal.  

Nonmagnetic 
Magnetic 


Grains. 
3.696 
2.100 
1.495 


Per  cent. 
100 
58.3 
41.7 


Value 
per  ton. 


Gold. 


1 


Pesos.      Per  cent. 
100.00  i         100 
170.40  i  97.21 

7.  50  ;  2.  79 

I 


As  indicated  by  this  test,  100  tons  of  concentrates  worth  112 
pesos  per  ton  can  be  separated  to  give  58.3  tons  worth  170.40 
pesos  per  ton  and  containing  97.21  per  cent  of  the  gold. 

Conclusion. — A  rich  shipping  product  is  easily  obtained  by 
magnetic  separation  of  the  original  product. 

Amalgamation  tests. — Amalgamation  was  tried  with  the  orig- 
inal and  also  after  grinding  the  original  through  various  meshes. 
A  few  of  the  tests  are  given  in  the  following  table: 

Amalgamation  tests  on  sample  No.  1. 

[Values  in  Philippine  currency.] 

i    Heads.         Tails.  Gold  ^  . , 

Products.  value  per  value  per     saved.    I    _„^!~i 

I      ton.  ton.        per  ton.  ^    ^^'*^- 

Pesos.  Pesos.  Pesos.      Pet-  cent. 

Original. -.  --- 211.26          76.80  84.00  i  39.7 

Original  put  through  eo-mesh 211.26  i        67.36  i  143.90  |  68.0 

Original  put  through 80- nfiesh - -       194.20          49.60  •174.60  74.4 

Original  tube-milled, 79 per  cent  through  100-mesh.- 169.82  j        15.22  »164.62  |  91.0 

*  Variations  in  sampling  or  else  actual  loss  of  gold  by  grinding. 
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The  tests  were  made  by  revolving  the  ore  in  a  bottle  witW 
mercury  and  a  little  sodium  hydroxide,  for  one  hour.  The  mer- 
cury was  panned  out  and  dissolved  in  nitric  acid  and  the  gold 
cupelled  to  give  check  on  the  assay  of  the  tailings.  It  is  very 
unlikely  that  any  machine  or  system  of  plates  will  give  an  equiv- 
alent extraction  on  the  finer  meshes. 

Co7icliisio7is, — Only  39.7  per  cent  of  the  gold  in  the  original 
can  be  amalgamated.  Grinding  releases  more  and  more  gold 
until  with  very  fine  grinding  91.0  per  cent  of  the  amalgamable 
gold  is  released.  Tube-milling,  followed  by  plates,  will  probably 
give  much  less  than  91.0  per  cent  extraction. 

Cyanidation  tests, — Cyanidation  tests  were  made  on  the  orig- 
inal, at  various  meshes  and  in  combination  with  amalgamation. 
Important  results  were  obtained. 

Cyanidation  teats  on  sample  No.  I, 


^n'-o'  I''«'"«-  :     F^Sil^l^l     ;_Extr.ctl«„,.y  ...nidation,     pl^- 

\  I  /Vr  cent. 

1  Original  39. 7  percent     .     .Product  not  cyanided  '. 

2  i  Orisrinal .-  —       .     .  Product  not amal-     25  per  cent  in  24  hours 

8  ,  Original  put  through  eo-mesh         2l''irpe'?^,nt  (^'Tp7r  «VtVn  wr'r. is.o 

4  i  Original  put  through  10(Vm..h.     23. 16  per  cent         .{^.^pVr  «Vt"iJf%"ho"r,  'S.'l 

'  I  "li^r^'liTrnZtt  "" "" ""'     ''■'"" ""'  ,{^.  uLroent^Jf^Zu'r,  ^" 

6  ■  Orijfinal  tube-milled  98  per  cent     Product  not  amal-    180  per  cent  in  24  hours 
j      through  ISO-mesh.  gamated.  A98  per  cent  in  96  hours 


The  strength  of  the  solution  was  0.29  per  cent  potassium 
cyanide;  the  pulp  ratio  was  3:1;  the  consumption  averaged 
5  pounds  per  ton  of  ore ;  lime  was  added  and  agitation  employed 
in  all  cases.  Tests  3,  4,  and  5  were  first  pulverized,^  then  amal- 
gamated, and  the  tails  cyanided.  Test  No.  6  was  tube-milled 
and  cyanided  direct. 

Conclusions. — Fine  grinding,  agitation,  and  considerable  time 
are  necessary,  and  will  give  an  extremely  high  extraction.  When 
the  coarse  gold  can  not  be  powdered  by  the  tube-milling,  amal- 
gamation may  be  necessary. 

COMMERCIAL   CONCLUSIONS. 

The  amount  of  table  concentrates  at  present  saved  is  too  small 
to  warrant  the  installation  of  an  expensive  plant  for  either 
amalgamation  or  cyanidation. 

The  following  table  shows  the  relative  advantages  of  shipping 
concentrates  with  and  without  magnetic  separation  and  of  local 
treatment  in  Huntington  mills. 


'  A  report  on  the  screen  tests  will  be  published  in  the  Philippine  Journal 
of  Science. 
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Comparison  of  shipment  of  concentrates  and  treatment  in  Huntington  mill. 
[Values  in  Philippine  currency.] 


Items. 


Value  of  oHfirinal. 

Cost  of  treatment 

Extraction. 

Profit  .  -  -  -  - 


Shipment      Huntintr 
Magrnetic  separation  and  shipment.  of  origrinal      ton  mill 

per  ton. 

Pe809. 

One  ton   worth  200  pesos   separates  to  0.  58  ton  200 
worth  194. 42  pesos. 

16  pesos  for  0. 58  ton       30 

186. 00  pesos i  190 

169.00pesos        l  160 


Pesos. 

200 

2 
140 
138 


The  greatest  profit  is  to  be  obtained  by  magnetic  separation 
and  shipment  of  the  product.  The  least  profit  is  to  be  obtained 
by  treatment  in  the  Huntington  mill.  The  comparison  between 
magnetic  treatment  and  direct  shipment  is  quite  close.  There- 
fore, for  the  present  it  would  be  more  advisable  to  ship  direct 
without  magnetic  treatment.  More  tests  should  be  made  to 
determine  the  efficiency  of  magnetic  treatment  and  the  feasibility 
of  installing  machines. 

FUTURE  POSSIBILITIES. 

The  question  of  how  to  save  the  black  sands  is  not  within  the 
scope  of  this  paper.  It  has  been  shown,  however,  that  after 
the  sands  are  saved,  they  can  be  successfully  treated  by  several 
methods. 

The  amount  of  black  sand  in  the  gravel  is  very  large  and 
even  rough  concentration  should  give  for  a  dredge  some  10  tons 
per  day  worth  over  30  pesos  per  ton.  Experiments  should  be 
made  with  the  Richards  pulsator  jig  and  other  machines  to  see 
if  a  concentrated  product  can  be  obtained  cheaply.  It  might 
be  possible  to  obtain  a  considerable  amount  of  concentrates  by 
means  of  a  more  extended  series  of  riffles  and  more  frequent 
cleanups. 

With  several  dredges  in  operation  sufficient  concentrates  should 
be  obtained  to  warrant  the  erection  of  a  central  cyanide  plant. 
It  would  seem  that  tube-milling  in  cyanide  solution  followed  by 
air-agitation,  decantation,  and  the  usual  precipitation  would  give 
an  especially  high  extraction  at  nominal  cost. 


THE  IRON  INDUSTRY  IN  1911. 


By  F.  A.  Dalburg. 


The  iron  industry  in  the  Philippine  Islands  in  1911  shows  a 
slight  increase  over  the  production  for  1910  but  the  output  has 
not  been  brought  up  to  the  total  for  1909.  The  total  value 
of  iron  produced  in  1911  was  29,159  pesos.  This  figure  repre- 
sents the  value  of  plowshares  and  points  cast  directly  from  the 
furnace  by  ladling  the  molten  iron  out  of  the  hearth.  There  are 
no  statistics  available  to  show  the  quantity  of  iron  ore  mined.  An 
estimate  based  on  a  recent  test  of  one  furnace  in  the  Angat 
iron  district  is  given  in  Table  I  and  shows  approximately  in 
metric  tons  the  quantity  of  iron  ore  mined  and  metallic  iron 
produced  from  1908  to  1911  inclusive. 

Table  I. — Production  of  iron  ore,  and  iron  castings  1908-1911,  metric  tons. 


Years. 


I_<>~  »»-«  ■      Iron 
ron  ore    -„.♦!„„. 


1908 - !  289.6  96.6 

1909 _ I  234.0  78.0 

1910 '  150.0  :  50.0 

1911 .      _ i  219.0!  73.0 

Although  rich  deposits  of  iron  ore  occur  in  several  provinces 
throughout  the  Philippines,  the  development  of  these  resources 
has  been  limited  to  the  Angat  district  in  Bulacan  Province. 
During  the  year  1911,  5  operators  have  worked  a  total  of  12 
furnaces  at  irregular  intervals.  New  bodies  of  ore  have  been 
discovered  at  Macatalinga,  Mayapa,  Tagpis,  and  Tumotulo  and 
furnaces  erected  near  them.  A  furnace  has  again  been  put  into 
blast  in  the  old  Camachin  district. 

A  complete  description  of  the  native  process  of  smelting  iron 
has  been  given  by  McCaskey,^  but  a  brief  resume  will  be  given 
here  for  readers  who  may  not  have  access  to  the  report  mentioned. 

The  native  furnace  is  constructed  from  clay,  and  consists  of 
a  cylindrical  stack  2.25  meters  in  height  and  1.35  meters  in 


'Bull.  P.  I.  Bur.  Min.  (1903),  3. 
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diameter  pierced  by  one  tap  opening  in  front  for  slag  and  iron 
and  one  tuyere  opening  at  the  back.  Cold  blast  is  delivered 
through  baked  clay  tuyeres  by  means  of  a  blowing  apparatus 
consisting  of  a  hollow  log  35  centimeters  in  diameter  and  3.50 
meters  long.  A  wooden  piston  with  a  feather  lining  is  fitted 
into  the  log  and  attached  to  a  wooden  piston  rod.  The  blower 
is  double  acting  with  valves  at  each  end  and  is  worked  by  hand. 
The  length  of  stroke  is  1.90  meters  and  the  number  of  strokes 
varies  from  16  to  20  per  minute.  The  thickness  of  the  hearth 
wall  is  45  centimeters  and  the  crucible  formed  by  the  walls  is 
shaped  like  an  inverted  bell,  60  centimeters  in  diameter  at  the 
bottom  and  1  meter  in  diameter  at  the  top,  with  a  height  of  1.75 
meters.  The  crucible  terminates  at  the  bottom  in  a  rectangular 
runner,  13  centimeters  wide  and  12  centimeters  high  extending 
from  the  tap  hole  in  front  to  the  tuyere  opening  at  the  back  of 
the  furnace.  It  is  lined  with  a  mixture  of  charcoal  and  clay,  and 
serves  for  collecting  the  melted  iron  and  slag. 

Charcoal  fuel  is  used  and  is  charged  into  the  furnace  from 
baskets.  The  ore  is  rich  hematite  and  magnetite.  In  smelting, 
the  charge  which  is  made  about  every  two  hours  was  found  to 
average  25  kilograms  of  ore  with  37.5  kilograms  of  charcoal. 
The  ore  and  fuel  are  evenly  distributed  over  the  top  of  the 
furnace.  The  top  of  the  furnace  and  the  tap  hole  are  left  open 
and  the  flame  constantly  emitted  at  these  places  varies  with 
each  stroke  of  the  blower.  No  flux  is  added  to  the  charge  but 
the  clay  tuyeres  are  eaten  away  rapidly  and  furnish  silica  to  the 
slag.  It  requires  about  two  hours  for  the  iron  to  run  down.  Slag 
is  tapped  every  hour  and  iron  about  every  three  hours.  The 
smelting  lasts  from  twelve  to  fifteen  days,  when  it  becomes  neces- 
sary to  stop  the  operation,  clean  the  furnace  of  slag,  and  reline 
the  bottom. 

The  plowshares  and  points  are  made  direct  from  the  furnace 
by  ladling  out  the  molten  iron  and  pouring  it  into  clay  molds. 

One  operator  is  constructing  a  76-centimeter  foundry  cupola 
of  5  tons  capacity.  This  installation  marks  an  important  ad- 
vance over  the  present  clay  furnaces  in  smelting  practice.  The 
results  from  this  furnace  will  be  awaited  with  interest. 

The  most  active  operations  have  been  carried  on  at  the  Hizon 
and  Montamuro  mines  and  the  greater  percentage  of  iron  pro- 
duced has  come  from  these  properties. 

No  active  work  has  been  done  in  the  Paracale-Mabulao  district, 
in  Ambos  Camarines  Province,  although  preliminary  inves- 
tigations have  been  made  in  regard  to  shipment  of  ore  from 
Calumbayanga  Island. 
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The  division  of  mines  has  just  completed  an  examination  of 
the  Angat  iron  region  covering  an  area  of  nearly  100  square 
kilometers.  Surveys  with  compass  and  dip  needle  have  been 
made,  ore-pits  measured,  and  an  attempt  made  to  estimate  the 
ore  tonnage  in  the  area  mapped. - 

The  total  imports  of  iron  and  steel  goods  for  the  years  1908  to 
1911  inclusive  as  compiled  from  the  Annual  Reports  of  the 
Bureau  of  Customs,  are  given  in  Table  II,  showing  imports  sub- 
ject to  duty,  and  Table  III,  showing  imports  free  of  duty.  In 
many  cases  the  quantities  and  values  are  not  given,  but  a  mini- 
mum estimate  can  be  obtained  from  the  figures  shown. 

Table  II. — Imports  of  iron  and  steel  goods  subject  to  duty. 

[Quantities  stated  in  metric  tons.    Value  friven  in  Philippine  currency.] 


Articles. 


lOOK 


Quan- 
tity. 


Value. 


PiR  iron 

Bar  iron - 

Tom. 

.       1,288 

2,021 

Bars  and  rods  of  steel 

Rails  (iron)   

Rails  (steel).. 

Steels  and  plates  (iron)     . . . 
Steels  and  plates  (steel) . 
Structural  iron  and  steel  . . 

Iron,  scrap  and  old 

All  other  manufactures 

SUMMARY. 

Source: 

United  States 

...     1.767 

.1       285 

..."    2.208 

.       4.573 

666 

722 

104 

All  other  countries 

Twelve  months  endinR  June- 
1000  1010 


Quan-     valiii.      Quan-     Vi»Iii«» 
tity.       >^»»"«-   I  tity.  I    ^*'"*- 


1011 


Quan- 
tity. 


Valu«.. 


PenoH. 

52,972 

148.906 

146.834 

24.552  j 

139.654  I 

632.220! 

66,896' 

108.094  ' 

3.256 

3.015.080  i 


Ton4i. 

222 

2.148 

1.990 

431 

404 

5.541 

1.126 

1.154 


/Vj»<w«.     ■  TonJt.  .     I'eitt}n. 

21.762      1.2»4  39.876 

152.892      2.249  126.570 

153.684      4.208  319.694 

44.508         438  31.566 

25,250    11.783  687.706 

711.724      8..148  1.069.318 

98.(r78      1,221  109.740 
588 


Tonjt.  I'fMOH. 
1,326  53.076 

2.992  185.146 

9.662  658.532 


139.480 
2,518.64Jb' 


51.052 
4,176.868 


5.093 

ll.lWi 

1.483 

4.128  1 


1.604.626   1.637.096 

2,725,188         .   .   '  2.228.968 


Total 


4.329.814    '  3.866,064 


3,940,980 
2,670,410 


6,611,390 


363,812 

1,660,752 

108,504 

4.H8.26H 

8,606.364 


7,819,122 
3,956,;«2 


I 


Table  III. — Imports  of  iron  and  steel  goods  free  of  duty. 

TQuantities  stated  in  metric  tons.    Value  Riven  in  Philippine  currency.] 


Twelve  months  endinR  June— 

Articles.  [^_^^^         J  V^^"**  *"^"  '  '"*' 

Quan-     y  ,  Quan-     y  .  Quan-;    y  ,  Quan-     y_,,,„ 

,   tity.        value.       ^.^^         value.       ^^^^     ■    value.       ^j^^    .    Value. 

PHILIPPINE  RAILROADS.          j  ,                                          i 

I  Tonjt.  PeftfjH.       Tons.  Pchoh.       Tons.  Pe»(tH.  Tonn.  /Vv»o«, 

Iron  and  steel  in  sheets 326  31,480         746           9,612           60  6,182  21  2,:m 

Structural  iron  and  steel 7,785  953.304      4.662  481.622      l.CKJO  123,516  401  39.112 

Rails 11,616  827,460,    4,754  337,384           86!  6,208      

All  other  manufactures .  ' 461,932   .    384.232    '  367.784 149.842 

ir.  S.  ARMT,  NAVY,  ANDINSULAR' 
GOVERNMENT,  j 

'             !                  ■                   ■  I  I 

Iron  and  steel ;    6,454   6,424   5,223  1  .     .-I    1,974.6(M 

__.. .__        ._.    .!..,_.     .;.  t ,  I"  i 

'  The  results  of  this  examination  will  be  published  at  an  early  date  in 
the  Philippine  Journal  of  Science. 


MANGANESE  DEPOSITS  OF  THE*  PHILIPPINE  ISLANDS. 


By  Paul  R.  Fanning. 


The  rapidly  increasing  demand  for  manganese  has  caused 
attention  to  be  turned  to  the  deposits  in  the  Philippine  Islands. 
Manganese  and  manganiferous  ores  have  been  found  in  many 
parts  of  the  Islands,  but  practically  no  ore  has  been  produced 
to  date.  This  is  due  in  part  to  the  high  cost  of  transportation 
and  in  part  to  the  limited  amount  of  ore  in  sight. 

The  Philippine  deposits,  similar  to  occurrences  elsewhere  in 
the  world,  are  largely  secondary  concentration  deposits,  and  can 
conveniently  be  divided  into  manganese  and  manganiferous  ore- 
deposits. 

MANGANESE  ORE  DEPOSITS. 

Manganese  ore  deposits  occur  in  Ilocos  Norte,  Pangasinan, 
Bulacan,  Sorsogon  (Island  of  Masbate),  and  Tarlac  Provinces. 

Ilocos  Norte. ^ — The  Province  of  Ilocos  Norte  is  situated  in  the 
northwestern  corner  of  Luzon,  and  the  manganese  ore  is  found 
in  the  Nagpartian  hills,  especially  between  Punta  Negra  and 
Punta  Blanca.  The  ore  occurs  as  nodules  and  grains  lying  upon 
the  surface  of  the  ground  especially  along  gullies  where  gravity 
and  water  have  produced  a  natural  concentration.  The  nodules 
and  grains  consist  mainly  of  psilomelane  which  generally  is 
massive,  hard,  grayish  black,  and  structureless.  The  surfaces 
frequently  are  botryoidal.  Pyrolusite  is  generally  associated 
with  the  psilomelane  and  appears  to  be  a  secondary  product. 
Veinlets  of  psilomelane  and  pyrolusite  occur  in  the  andesitic 
country-rock  and  the  vein-filling  has  been  released  by  weathering 
to  the  formation  of  the  nodules  and  grains.  Near  Punta  Negra 
a  bed  of  concentrates  occurs  which  is  about  one-half  meter 
thick  and  is  underlain  by  a  thin  layer  of  limonite.  This  in  turn 
rests  upon  an  andesitic  agglomerate.  The  extent  of  the  deposit 
is  not  known,  but  probably  it  is  not  sufficient  to  warrant  any 
great  original  outlay  of  capital  for  development  purposes. 


'  Cf.  Smith,  Phil.  Journ.  ScL,  Sec.  A  (1907),  2,  145. 
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Analysis  of  a  nodule  gave  the  following  results  :^ 

Analysis  of  manganese  nodule  from  Ilocos  Norte. 

Constituent.  Per  eent. 

Silica  (SiO,)   1.10 

Ferric  oxide  (Fe^Oi)  4.04 

Moisture  (H,0)  at  110**  10.55 

Phosphoric  anhydride   (PiOi)   0.02 

Manganese  dioxide  MnOa  77.51 

Total   93.25 

Metallic  (Mn)  48.93 

Pangasinan, — The  Province  of  Pangasinan  is  situated  about 
100  kilometers  north  of  Manila,  and  the  manganese  ore  is  found 
west  of  Sual,  at  the  sitio  of  Barlo,  in  the  northwestern  part  of 
the  province.  The  ore,  similar  to  the  deposit  in  Ilocos  Norte, 
occurs  as  nodules  and  grains  lying  upon  the  surface  of  the 
ground,  and  has  resulted  from  the  weathering  of  the  country 
rock.  Nodules  up  to  20  centimeters  in  length  were  seen.  The 
secondary  concentration  into  beds  is  very  limited,  and  the  deposit 
appears  to  be  of  little  value.  Analysis  of'  the  ore  gave  the 
following  results: 

Analysis  of  manganese  nodule  from  Pangasinah. 

Constituent.  Per  cent. 

Manganese   (Mn)    58.58 

Iron    (Fe)    0.55 

Phosphorus   (P)    0.100 

Aluminium    (Al)    0.88 

Bulacan, — The  deposit  in  the  Province  of  Bulacan  lies  about 
50  kilometers  northeast  of  Manila,  at  Minuya  near  the  town  of 
Norzagaray.  As  described  by  Nable^  the  ore  occurs  as  nodules 
and  grains  of  psilomelane  and  pyrolusite  scattered  over  the 
surface  of  the  ground,  and,  similar  to  the  occurrences  in  Ilocos 
Norte  and  Pangasinan,  has  resulted  from  the  weathering  of  the 
country  rock  and  some  subsequent  secondary  concentration  by 
surface  waters.  Analysis  of  the  nodules  would  undoubtedly 
show  a  high  per  cent  of  manganese,  but  the  deposit  appears  to 
be  so  limited  as  to  be  of  no  commercial  value. 

Tarlac* — The  deposit  in  the  Province  of  Tarlac  lies  about 
50  kilometers  northwest  of  Manila  on  the  road  between  Capiz 
and  Iba.  The  ore  occurs  as  nodules  in  bedded  deposits,  and 
apparently  is  of  residual  nature  and  probably  similar  in  origin 
to  the  deposits  of  Ilocos  Norte,  Pangasinan,  and  Bulacan. 

'  Ibid,  p.  171. 

"  Unpublished  notes  in  division  of  mines,  Bureau  of  Science. 

*  Harder,  Bull  U.  S.  Geol  Surv,  (1910),  427,  220. 
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Masbate.^ — The  Island  of  Masbate  lies  about  200  kilometers 
southwest  of  Manila,  and  the  ore  is  found  in  the  Aroroy  mining 
district  in  the  northern  part  of  the  ieland.  Manganese  claims 
have  been  staked  in  the  areas  of  red  slates  to  the  east  of  Balang- 
ting  Creek  and  west  of  Mount  Vil-lon,  but  practically  no  develop- 
ment work  has  been  done.  The  manganese  ore  occurs  as  lens- 
shaped  nodules  within  slate,  parallel  to  the  slaty  cleavage. 
Between  Kaal  Creek  and  Mount  Vil-lon  there  is  a  small  plain 
at  about  50  meters  elevation  where  boulders  of  psilomelane  are 
found  on  the  surface.  These  boulders  have  evidently  resulted 
from  the  weathering  of  the  slate  upon  which  they  lie.  In  cer- 
tain places  the  slate  contains  minute  networks  of  quartz  and 
calcite  veinlets,  and  it  is  possible  that  the  nodules  in  the  slate 
have  resulted  from  the  leaching  out  of  the  manganese  in  the 
veinlets  and  secondary  concentration  along  the  cleavages  in  the 
slate.     An  analysis  of  a  nodule  gfeve  the  following  result  :• 

Analysis  of  manganese  nodule  from  Mashate. 

Constituent.  Per  cent. 

Manganese  (Mn)   59.77 

Silica    (SiOO    10.41 

Phosphorus   (?)   0.027 

Sulphur   (S)    0.037 

Gold  trace 

Silver    (ounces)    44.0 

The  assay  of  44  ounces  of  silver  is  quite  extraordinary  and 
further  investigation  should  be  made  to  confirm  this  point. 

MANGANIFEROUS  ORE  DEPOSITS. 

Manganese  is  found  in  association  with  gold  ore  veins,  espe- 
cially in  Benguet  and  Masbate. 

Benguet. — The  Benguet  mining  district  lies  northeast  of  Manila 
about  150  kilometers,  close  to  the  City  of  Baguio.  Manganese 
occurs  abundantly  in  the  auriferous  calcite  or  calcite-quartz  veins 
of  the  Camote-Clayton,  Headwaters,  Gomok,  Eileen,  Antamok, 
and  Madison  properties,  and  in  the  auriferous  quartz  (possibly 
some  calcite)  veins  of  the  Emerald  Creek  and  Madison  properties. 
To  some  extent  manganese  is  found  in  other  mines.  The  marked 
association  of  manganese  with  calcite  rather  than  quartz  is 
to  be  noted,  and  the  evidence  points  to  a  genetic  relation. 

In  the  primary  ore  the  manganese  appears  to  occur  as  oxides 
or  as  carbonates  (manganiferous  calcite,  rarely  rhodochrosite) . 

'Ferguson,  Phil.  Joum.  Sci.,  Sec.  A   (1911),  6,  404  and  i2?.. 
"Harder,  Bull.  U.  S.  Geol.  Surv.  (1910),  427,  220. 
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The  manganese  gives  a  brown  color  to  the  calcite,  and  alterna- 
tions of  white  and  brow^n  calcite  along  with  quartz  often  give 
a  characteristic  banded  or  ribbon  structure.  It  is  evident  that 
the  original  ascending  solutions  which  produced  the  vein  period- 
ically precipitated  manganese,  and  it  would  seem  to  follow  that 
these  solutions  were  periodically  high  or  low^  in  manganese. 

In  the  zone  of  oxidation,  particularly  that  part  of  the  zone 
close  to  the  surface,  the  manganese  is  much  more  abundant  than 
in  the  primary  ore.  In  places,  extended  replacement  of  the 
calcite  by  manganese  in  the  form  of  wad  has  taken  place, 
giving  bodies  of  ore  rich  in  manganese.  The  percentage  of 
manganese  is  very  irregular  and  will  vary  from  a  trace  to  50 
per  cent. 

It  is  evident  that  the  higher  manganese  content  of  the  ores 
in  the  zone  of  oxidation  is  due  to  the  secondary  enrichment 
by  descending  waters.  These  waters  leached  manganese  from 
the  ore  above  and  carried  it  downward  along  the  vein  until  precip- 
itating conditions  were  found.  Such  conditions  in  calcite  veins 
were  found  quite  close  to  the  surface,  where  the  greatest  con- 
centration of  the  manganese  and  replacement  of  the  calcite 
occurs.  This  tendency  to  concentrate  near  the  surface  has  been 
further  accentuated  by  the  natural  accumulation  of  some  of  the 
manganese  released  by  weathering. 

The  veins  occur  in  a  region  of  very  rapid  erosion  and  this  has 
resulted  in  primary  ore  frequently  outcropping  on  the  surface. 
The  great  majority  of  the  primary  manganese  in  the  ore  is 
carried  away  by  erosion  before  being  leached  or  mechanically 
carried  downward  by  the  surface  waters.  There  is  then  little 
opportunity  for  the  formation  of  large  bodies  of  high-grade 
manganese  ore  anywhere  along  the  vein. 

The  soil  on  the  outcrop  of  the  vein  shows  no  nodules  nor 
grains,  although  frequently  it  is  heavily  stained  with  manganese. 
It  would  seem  that  in  igneous  rocks  where  manganese  occurs  in 
intimate  association  with  the  calcite  vein-filling,  the  conditions 
are  unfavorable  to  the  formation  of  nodules  or  grains  of  psi- 
lomelane.  The  explanation  of  this  is  that  massive  psilomelane 
does  not  form  under  the  conditions  present,  as  the  manganese  is 
precipitated  in  the  form  of  soft,  earthy  wad.  Further,  there  has 
been  little  or  no  tendency  of  the  manganiferous  solutions  to  in- 
vade and  replace  the  adjacent  rock.  This  is  due  on  the  one 
hand  to  the  vein  being  the  more  natural  channel  and  to  the  easily 
replaced  calcite  of  the  vein ;  and  on  the  other  hand  to  the  com- 
pactness of  the  igneous  rock  and  its  resistance  to  replacement. 
There  has  been  no  tendency  of  the  manganese  to  spread  out  into 
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the  adjacent  rocks  to  the  formation  of  kidneys  or  nodules  of 
psilomelane  or  pyrolusite. 

The  occurrences  of  manganese  in  association  with  true  quartz 
veins  is  somewhat  different  from  that  in  the  calcite  veins,  al- 
tliough  the  general  process  of  enrichment  appears  to  be  similar. 
The  ribbon  structures  produced  by  bands  alternately  high  and 
low  in  manganese  content  is  infrequent,  and  the  manganese  visible 
to  the  eye  appears  to  be  entirely  secondary.  It  is  quite  possible 
that  the  manganese  occurs  as  a  primary  association  with  oc- 
casional crystals  of  calcite,  and  hence  in  obedience  to  the  general 
association,  for  this  district,  of  calcite  and  manganese  rather 
than  calcite  and  quartz. 

As  summarized  by  Emmons,^  practically  all  of  the  manga- 
niferous  gold  deposits  of  the  United  States  particularly,  in  the 
Western  States,  belong  to  the  Cretaceous  or  Tertiary  age.  The 
manganiferous  gold  deposits  of  the  Philippine  Islands  likewise 
are  of  Tertiary  age  and  so  give  one  more  bond  of  similarity  be- 
tween the  geology  of  these  Islands  and  the  geology  of  the  Western 
States,  particularly  California. 

Owing  to  the  impossibility  of  satisfactorily  concentrating  man- 
ganese out  of  these  ores,  and  the  high  cost  of  shipping,  it  is  doubt- 
ful if  the  vein  deposits  in  Benguet  can  ever  be  considered  as 
actual  ore  deposits  of  manganese. 

Masbate. — In  the  Aroroy  district,  manganese  is  found  as- 
sociated with  the  calcite  ores  in  the  Eastern  Mine  and  to  a  lesser 
extent  with  the  quartz  (some  calcite)  ore  of  the  Colorado  Mine. 
Some  other  mines  are  also  known  to  contain  manganese.  The 
occurrences  are  quite  similar  to  the  Benguet  deposits  just  de- 
scribed, but  it  seems  that  the  zone  of  manganese  enrichment  is 
more  developed  in  the  case  of  Masbate.  As  pointed  out  by 
Ferguson,^  the  greater  depth  of  oxidation  in  this  district  may  be 
due  to  the  former  greater  elevation  of  the  region.  As  an  addi- 
tional explanation,  it  is  to  be  noted  that  the  erosion  in  Masbate 
is  far  slower  than  in  Benguet,  and  so  more  opportunity  has  been 
given  for  the  leaching  out  of  the  manganese  and  reprecipitation 
below. 

PRICES  OF  ORES.® 

The  prices  of  manganese  ores  used  in  the  steel  industry  vary 
from  10  pesos  (5  dollars)  to  30  pesos  (15  dollars)  per  long  ton, 
according  to  the  grade  of  the  ore.     They  are  governed  by  the 

'  Trans.  Am.  Inst  Min.  Eng.  (1910),  814. 
'Phil,  Joum.  Sci.,  Sec.  A  (1911),  6,  417. 
•Harder,  Bull.  U.  S.  Geol.  Surv.  (1910),  427,  278. 
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following  schedule  of  prices  established  by  the  Carnegie  Steel 
Company  :^*^ 

Schedule  of  prices  paid  per  ton  of  2,240  pouiids  for  domestic  manganese 
ore  delivered  at  Pittsburg  or  Bessaner,  Pa,,  and  South  Chicago,  III. 

Prices  are  based  on  ores  containing  not  more  than  8  per  cent  silica  or 
0.20  per  cent  phosphorus,  and  are  subject  to  deductions  as  follows:  For 
each  1  per  cent  in  excess  of  8  per  cent  silica  there  shall  be  a  deduction  of 
0.30  peso  (15  cents  U.  S.  currency)  per  ton;  fractions  in  proportion. 

For  each  0.02  per  cent,  or  fraction  thereof,  in  excess  of  0.20  per  cent 
phosphorus  there  shall  be  a  deduction  of  0.04  peso  (2  cents  U.  S.  currency) 
per  unit  of  manganese  per  ton. 


!  Price  per  unit 
!        in  cent*. 
F*ercentafire  of  metallic  manRanese  in  ore. 

:   Man-      , 
JRanene.    ^'""^ 

Over49. 26  5 

46  to  49 I  26  5 

43  to  46 i  24  I              5 

40  to  43 .           - .  _ _  '  28  r> 

Ores  containing  less  than  40  per  cent  manganese  or  more  than  12  per 
cent  silica  or  0.225  per  cent  phosphorus  are  subject  to  acceptance  or  refusal 
at  the  buyer's  option. 

Settlements  are  based  on  analysis  of  sample  dried  at  212°  F.,  the  per- 
centage of  moisture  in  the  sample  as  taken  being  deducted  from  the 
weight. 

The  manganese  ores  for  oxidizing  and  coloring  purposes  are 
valued  according  to  the  quality  of  manganese  peroxide  present, 
their  consistency,  etc.,  and  prices  range  up  to  70  pesos  per  ton 
for  the  best  grades  of  ore.  Manganiferous  ores  used  in  steel 
manufacture  and  for  fluxing  range  in  price  from  4  pesos  a  ton 
upward. 

"Prices  of  manganese  ore.     Eng.  and  Min.  Journ.   (1910),  89. 


THE  PRODUCTION  OF  NONMETALS  IN  1911. 


By  Wallace  E.  Pratt. 


Table  I. — Production  of  rionmetals  in  1911. 


l^ommtKlitie 


Quantity 

Average 

in  cubic- 

Value. 

unit 

meterH. 

value. 

PcftOH. 

Penan. 

2f>9.  i:n 

5,36,  (K)H 

2. 56 

KK).  396 

119,7K7 

1.19 

252, 624 

79.  367 

0.31 

377,511 

397,  977 

45<),  (KM) 

9(),(KK) 

55(),  0(X) 

1.05 

130.  (MK) 

OuHhetl  stone 

Routrh  and  cut  Htone 

Sand 

Gravel 

Clay  prwiuctH 

Lime 

Salt 

('oal 

Total 


The  value  of  nonmetallic  mineral  products  for  the  year  1911 
was  more  than  36  per  cent  greater  than  the  production  for  1910. 
This  gain  is  due  largely  to  the  increased  quantities  of  structural 
materials  and  road  metals  used,  although  the  nonmetallic  products 
except  coal  all  show  increases  for  the  past  year. 

STRUCTURAL  MATERIALS  AND  ROAD  METALS. 

Concrete  aggregates. — In  the  Philippine  Islands  first  class 
construction  is  almost  entirely  of  reenforced  concrete.  This  con- 
dition results  primarily  from  the  efforts  of  engineers  to  build 
permanent  structures  in  a  region  subjected  to  frequent  earth- 
quakes, although  the  lack  of  a  perfectly  satisfactory  dimensional 
stone  contributes  in  some  degree  to  the  prevalence  of  concrete. 
It  is  estimated  that  90,000  cubic  meters  of  sand,  190,000  cubic 
meters  of  gravel,  and  25,000  cubic  meters  of  crushed  stone  have 
been  used  in  concrete  work  during  the  year  1911.  These  mate- 
rials are  obtained  locally  in  all  parts  of  the  Islands,  and  vary 
greatly  in  costs;  the  average  "spot''  values^  are  given  in  Table  I. 
River  gravel  is  cheaper  than  crushed  stone  and  is  more  widely 
used  in  concrete  aggregates.  The  gravel  from  most  localities 
consists  of  igneous  pebbles  among  which  andesitic  types  prevail ; 


'  "Spot"  values  include  no  cost  of  transportation. 
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gravel  from  limestone  is  rare.  Quartz  sand  is  scarce  and  little 
used,  the  most  generally  available  sand  consisting  of  rock  frag- 
ments, feldspars,  and  other  rock  minerals  eroded  from  igneous 
rocks  of  low  quartz  content.  In  the  Mountain  Province,  away 
from  the  coast  and  where  the  rivers  flow  through  narrow  canon- 
like valleys,  sand  is  so  difficult  to  obtain  that  it  has  been  necessary 
at  some  places  to  use  the  fines  from  crushed  rock  as  sand.  In 
Baguio,  pure  silicious  sinter  which  occurs  abundantly  as  a  fine 
white  powder  has  been  used  with  cement  in  place  of  sand. 

Sand  used  in  Manila  is  obtained  principally  from  the  Pasig 
River  by  dredging.  As  in  past  years,  some  sand  has  been  taken 
from  the  Pasig  River  by  native  divers  who  bring  it  up  in  small 
baskets. 

Rocul  metals, — Crushed  rock  and  gravel  have  been  used  very 
extensively  in  road  building.  Crushed  rock  is  used  both  as  a 
basal  course  and  as  road-surfacing  material,  while  gravel  is  more 
generally  used  for  surfacing.  More  than  100,000  cubic  meters 
of  crushed  rock  and  about  the  same  quantity  of  gravel  were  used 
in  road  construction  in  1911. 

One  of  the  most  satisfactory  road  metals  in  Philippine  roads 
up  to  the  present  is  a  diorite  occurring  in  Pangasinan  Province. 
The  diorite  shows  a  satisfactorily  low  percentage  of  wear  in  the 
standard  abrasion  tests,  and  a  remarkable  cementing  value. 
Tests  made  at  the  Bureau  of  Science  have  recorded  values  for 
this  rock  of  more  than  2,000.  Smith  has  shown  that  the  diorite 
contains  secondary  calcite  to  which  he  attributes  the  abnormal 
cementive  property. 

Andesite  is  the  most  widely  used  road  metal,  owing  to  its 
general  distribution.  The  best  andesite  shows  less  than  2.0  per 
cent  of  wear  in  abrasion  tests  and  a  cementive  value  of  about 
20.  Owing  to  its  poor  cementation,  andesite  is  not  wholly 
satisfactory  for  ordinary  macadam  road,  but  when  used,  as  it  has 
been  on  several  of  the  recently  paved  streets  of  Manila,  with  a 
tar  binder  I  or  the  surface  course,  it  makes  a  superior  pavement 
which  rn  account  of  the  abrasion  resisting  qualities  of  the  rock 
should  be  very  enduring.  Coralline  limestone  serves  as  a  road 
metal  in  some  provinces.  It  abrades  readily,  but  presents  a  well- 
cemented  surface  and  makes  an  excellent  road. 

More  than  300,000  cubic  meters  of  sand  and  gravel  have  been 
used  as  ballast  on  the  lines  of  the  local  railway  companies. 

Natural  cinder  ballast. — The  Manila  Railroad  has  been  using 
a  natural  cinder  for  ballast  with  very  satisfactory  results.  This 
cinder  is  obtained  from  an  extinct  cinder  cone  at  Pansol, 
Laguna,  in  the  volcanic  region  of  southwestern  Luzon.     It  has 
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the  general  appearance  of  ordinary  cinder  ballast  but  is  slightly 
more  reddish  in  color.  It  affords  a  clean  dry  road  bed.  Some 
50,000  cubic  meters  have  been  taken  out  in  1911,  and  it  is 
estimated  that  150,000  to  250,000  cubic  meters  are  yet  available 
in  this  one  cinder  cone.  The  cinder  is  not  consolidated,  and 
quarrying  is  inexpensive. 

Rough  and  cut  stone, — In  Manila  and  the  outlying  towns  in 
the  volcanic  tuff  area  of  southern  Luzon,  some  tuff  has  been 
used  for  masonry.  It  is  sold  under  the  trade  name  of  *'adobe" 
and  is  used  in  the  construction  of  foundations  and  the  lower 
stories  of  many  Chinese  business  buildings.  Cut  stone  is  used 
to  a  limited  extent  at  points  where  transportation  cost  prohibits 
the  importation  of  cement.  Next  to  **adobe''  stone,  limestone 
is  most  generally  employed,  and  lime  kilns  are  usually  operated 
in  connection  with  the  limestone  quarries. 

Rough  stone  for  construction  has  been  used  principally  as 
riprap  and  filling  for  sea  wall,  fortifications,  and  harbor  improve- 
ments. In  road  building  rough  stone  is  made  to  serve  as  a  basal 
course.  In  Manila  and  vicinity  "adobe"  stone,  quarried  in  rough 
blocks,  is  used  for  this  purpose  and  affords  a  base  which  is 
porous  and  drains  well.  About  37,000  cubic  meters  of  **adobe" 
stone  were  used  for  road  building  in  1911. 

Clay  products, — It  is  estimated  that  approximately  4,000,000 
common  bricks  valued  at  20  pesos  per  thousand  were  manu- 
factured by  native  methods  during  the  past  year.  More  than  50 
per  cent  of  this  production  come  from  the  brick  yards  near 
Manila. 

The  native  method  of  manufacture  has  been  described  else- 
where.- The  Penal  Colony  of  Iwahig,  Palawan,  has  recently 
installed  a  modern,  stiff -mud  brick  machine  with  a  daily  capacity 
of  25,000  bricks.  Brick  will  be  made  for  construction  within 
the  colony,  and  if  the  industry  progresses  successfully  brick  will 
ultimately  be  supplied  to  other  departments  of  the  Government. 

The  larger  part  of  the  production  of  clay  ware  consists  of 
crude  native  pottery  including  large  semivitrified  jars  for  contain- 
ing water  and  other  liquids,  small  water  jars  and  cooking  pots, 
etc.,  articles  which  are  manufactured  locally  in  every  part  of  the 
Islands. 

Lime, — Lime  is  used  for  mortar  in  much  of  the  native  construc- 
tion in  Manila  and  in  all  masonry  work  at  places  where  cement 

*  Production  of  Nonmetallic  Materials  in  1910.  Pratt,  Min.  Resources 
P.  I.  for  1910,  Bur.  ScL,  Div.  Min,  (1911) ,  62. 

Philippine  Pottery.  Adams  and  Pratt,  Phil.  Journ.  Sci.,  Sec.  A  (1910), 
5,  143. 
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can  not  be  obtained  economically.  Outside  of  the  use  in  construc- 
tion lime  serves  as  a  disinfectant,  and  the  modern  susrar  mills 
which  are  being  erected  probably  will  use  lime  in  bleaching 
sugar.  Lime  is  burned  in  Manila  from  sea  shells,  and  through- 
out the  provinces  from  coralline  limestone.  Lime  on  the  Manila 
market,  where  it  is  sold  in  a  semislacked  condition,  brings  from 
3  to  4  pesos  per  hundred  kilograms. 

Cement, — No  cement  has  been  manufactured  in  the  Philippine 
Islands,  up  to  the  present  time.  There  has  been  an  extensive 
investigation  of  cement  resources  during  the  past  year  by  capital 
contemplating  the  establishment  of  a  local  industry.  Chemicallj' 
suitable  materials  from  some  of  the  localities  considered  to  be 
most  favorable  have  been  burned  and  the  resulting  cement  sub- 
mitted to  the  standard  tests.  These  tests  show  that  from  raw 
materials  commercially  available  a  high  grade  Portland  cement 
can  be  manufactured.  Philippine  consumption  (see  page  83) 
is  equal  to  the  output  of  a  fair-sized  mill  and  is  increasing 
steadily.  Apparently,  the  conditions  justify  the  erection  of  a 
cement  mill  for  commercial  manufacture. 

COAL. 

The  East  Batan  Coal  Mining  Company  has  passed  through 
a  reorganization  period  during  the  past  year  and  the  annual 
production  has  suffered  accordingly.  The  only  other  property 
which  was  operated  in  1911  is  the  Camansi  Mine  at  Danao,  Cebu. 
The  United  States  Army  Mine  at  Liguan,  Batan  Island,  has  been 
kept  open  and  dry  but  no  coal  save  that  for  use  at  the  mine 
had  been  taken  out. 

MISCELLANEOUS    NONMETALS. 

Oil, — The  oil-seeps  in  Tayabas,  Mindoro,  and  Cebu  and  the 
reported  occurrence  of  oil  in  Pangasinan  have  all  received  more 
or  less  attention  during  the  past  year,  but  in  none  of  the  districts 
has  development  progressed  far  enough  to  prove  the  oil  present 
in  economically  important  quantities. 

Salt — The  value  of  the  salt  manufactured  during  the  past 
year  is  estimated  at  550,000  pesos.  The  cost  of  salt  varies 
widely  at  different  places.  In  Manila  the  coarse  native  product 
ranges  from  2  to  2.50  pesos  per  hundred  kilograms,  while  in 
provincial  towns  away  from  the  coast,  it  is  often  sold  at  a  price 
equivalent  to  8  or  10  pesos  per  hundred  kilograms. 

Guano, — No  production  of  guano  is  recorded,  although  insig- 
nificant quantities  of  bat  guano  are  recovered  from  limestone 
caves  at  a  number  of  places  throughout  the  Archipelago.     In 
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the  caves  the  guano  occurs  as  a  superficial  layer,  usually  less 
than  1  meter  deep,  over  the  floor.  It  consists  of  the  excrement 
of  bats  which  inhabit  the  caves.  From  the  caves  near  Sibul 
Springs,  Bulacan,  guano  is  sent  to  neighboring  towns  and  even 
into  the  adjacent  Province  of  Nueva  Ecija.  Some  guano  has  been 
taken  from  caves  on  the  Island  of  Panay  and  sent  to  the  Manila 
market. 

The  quality  of  bat  guano  for  fertilizer  can  be  estimated  from 
the  following  partial  analyses  made  in  this  Bureau  of  samples 
from  different  places  in  the  Islands. 

Table  II. — Analyses  of  undried  samples  of  guano. 


Source  of  sample. 


Limestone  cave  near  Dinfcle,  Iloilo 

Limestone  cave  near  Guimaras 

Limestone  cave  near  NorzaRaray,  Bulacan  . . . 
Limestone  cave  near  Pilar,  Capiz"  .    . 

Limestone  cave  near  Pilar,  Capiz^ 

Limestone  cave  near  Batanfras 
Guano,  locality  unknown 

*  Sample  from  surface  of  deposit. 
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1          7.58 
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.1          4. 28 
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^  Sample  from  a  depth  of  1  meter. 


Other  nonmetallic  minerals  which  have  received  attention 
during  the  past  year  but  of  which  no  production  is  recorded 
are  mica,  talc,  and  asbestos  in  Ilocos  Norte,  moulding  sand  in 
the  vicinity  of  Manila,  and  a  lithographic  limestone  near  Angat, 
Bulacan.  Prospecting  and  investigation  have  continued  actively 
on  the  asbestos  occurrences  in  Ilocos  Norte ;  described  by  Smith.* 

Manila  foundries  which  formerly  imported  moulding  sand 
have  recently  found  local  sands  that  serve  their  purposes  for 
both  moulds  and  cores.  The  most  satisfactory  sand  for  this 
use  has  been  taken  from  the  Pasig^River  near  Pandacan,  but 
a  beach  sand  from  the  entrance  to  Manila  Bay  has  also  been 
employed.  These  sands  mould  well,  but  tend  to  bum  when 
exposed  in  thin  edges  to  the  hot  metal. 

A  fine-grained,  thin-bedded  limestone  from  Angat,  Bulacan, 
is  being  exploited  as  a  lithographing  stone.  Claims  were  located 
in  March,  1912,  by  an  association  formed  in  Manila.  There 
is  a  demand  for  lithographic  stone  in  connection  with  the  tobacco 
industry  for  lithographing  cigar  bands,  cigarette  packages,  and 
cigar  box  wrappings.  This  work  does  not  require  a  particularly 
fine  line  impression  nor  large  plates,  and  for  it  the  Angat  stone 
is  probably  quite  suitable.     The  local  stone  is  slightly  harder 


*  Phil.  Joum.  Sci.,  Sec.  A  (1907),  2,  145. 
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than  the  widely  used  Bavarian  Hthographic  stone  and  contains 
patches  of  metamorphic  minerals  in  some  places  which  spoil 
the  even  texture.  However,  careful  sorting  should  make  it 
possible  to  get  out  a  considerable  quantity  of  acceptable  stone, 
and  the  industry  promises  to  develop. 

Mineral  and  artesian  water. — Mineral  water,  artificially  car- 
bonated, is  bottled  at  Los  Bafios,  Laguna.  The  value  of  the 
combined  output  of  the  several  companies,  exclusive  of  bottles, 
was  about  60,000  pesos  in  1911.  At  many  other  places  mineral 
springs  are  exploited  as  popular  bathing  resorts. 

The  Bureau  of  Public  Works  has  completed  224  drilled  wells 
in  1911  according  to  the  record  of  the  artesian  well  division. 
Of  this  number  120  were  nonflowing  wells,  but  were  satisfac- 
tory pumping  wells,  63  were  flowing  wells,  and  41  wells  were 
unsuccessful.  Most  of  the  flowing  wells  so  far  obtained  are 
located  in  the  great  central  valley  of  Luzon  and  are  compara- 
tively shallow,  generally  between  30  and  90  meters  in  depth. 


COAL  RESOURCES  OF  THE  PHILIPPINES. 


By  F.  A.  Dalburg. 


INTRODUCTION. 

The  coal  resources  of  the  Philippine  Islands  have  been  investi- 
gated only  to  a  very  limited  extent.  Coal  has  been  reported  from 
nearly  every  island  in  the  Archipelago  and  the  most  important 
fields  have  been  visited  and  samples  taken  for  analysis.  Geologic 
surveys  and  investigations  have  been  made  in  several  fields,  but 
these,  for  the  most  part,  have  been  of  a  preliminary  nature  and, 
while  they  have  yielded  important  facts  regarding  the  occurrence 
and  distribution  of  the  coal  deposits,  they  do  not  furnish  the 
minute  knowledge  essential  for  quantitative  determination. 
This  article  is  intended  to  present  a  concise  report  on  the  ex- 
tent of  the  coal  areas,  the  amount  of  coal  reserves,  and  the 
distribution  of  the  coal  fields. 

An  historical  summary  and  a  discussion  of  the  geological  occur- 
rence of  coal  appeared  in  Mineral  Resources  for  1910.^  The 
chemical  and  physical  qualities  of  the  coal,  as  determinative  of 
technical  utilization,  have  been  described  in  former  publications 
of  the  Bureau  of  Science.^ 

EXTENT  AND  DISTRIBUTION    OF   COAL   FIELDS. 

Coal  deposits  have  been  discovered  in  the  Provinces  of  Cagayan, 
Abra,  Rizal,  Tayabas,  Camarines,  Albay,  and  Sorsogon  on  the 
Island  of  Luzon;  and  on  the  Islands  of  Cebu,  Batan,  Polillo, 
Mindanao,  Masbate,  Mindoro,  Samar,  Negros,  and  Dinagat. 

The  coal  fields  can  be  considered  under  six  general  geographic 
localities : 

1.  Batan,  2.  Cebu,  3.  Polillo,  4.  Mindanao,  5.  Masbate, 
6.     Mindoro. 


*Min,  Resources  P.  /.  for  1910,  Bur.  Sci.,  Div,  Min,  (1911),  37. 
^Phil  Journ.  ScL,  Sec,  A  (1907),  2,  41,  400.,  Ibid,  Sec.  A  (1908),  3,  801. 
Min.  Resources  P.  I.  for  1907,  Bur.  Sci.,  Div.  Min.  (1908),  34. 
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These  divisions  are  based  also  upon  the  possibility  of  com- 
mercial exploitation.  For  instance,  the  Batan  field  is  situated 
near  sea  level  with  only  750  meters  haul  from  the  mine  to  tide 
water,  with  good  harbor  facilities.  The  Cebu  field,  on  the  other 
hand,  would  require  from  12  to  24  kilometers  of  railroad  for 
development.  The  Polillo  coal,  although  of  a  good  quality,  is 
off  the  main  traveled  route  of  steamers  and  is  without  a  favorable 
natural  harbor.  The  remaining  fields  also  have  difficult  trans- 
portation facilities. 

Table  I  gives  the  principal  coal  localities  in  the  Archipelago. 

Table  I. — Location  of  principal  coal  fields  in  the  Philippines. 


District. 


Ixx^ation. 


Batan  Island 


East  Batan 

Liscuan _   _ 

Calanasra  . . _ , 

Camujumayan  (Lantauan)  Near  Danao  . 

Camansi do 

Mt.  Licos  Near  Compostela  . 

UiinK  .     _ NearNatra    

Burdeus  . Polillo  Island 

Alat  River Sibu^uey  Bay  . 

NabansriK .        .       ..      CatainRan 

Dimas  Alan^r  .  do    . 

Cawacat  River ..  Bulalacao 

Gatbo         .    Sutcud 


Province. 


Albay 


Tayabas 

Moiio 

SorsoRon 

do-. 

Mindoro 
Soreog-on 


Island. 


BaUn. 


i  Cebu. 

I  Polillo. 
Mindanao. 
Masbate. 

l)o. 
Mindoro. 
Luzon. 


As  only  small  portions  of  the  several  coal  fields  have  been  sur- 
veyed geologically,  it  is  evident  that  any  calculation  of  tonnage 
from  the  known  area  should  give  a  minimum  quantity  of  coal. 
The  known  coal  fields  contain  a  total  area  of  about  137  square 
kilometers.  Future  surveys  will  no  doubt  show  that  the  coal  area 
is  much  greater.  An  estimate  covering  the  actually  known  coal 
lands,  those  which  are  known  to  be  underlain  by  coal  of  a  quality 
and  thickness  and  at  a  depth  which  makes  mining  practicable 
gives  an  area  of  less  than  18  square  kilometers.  In  this  classi- 
fication only  quality,  quantity,  and  depth  of  coal  below  the  surface 
are  taken  into  consideration.  It  is  evident  that  so  far  as  develop- 
ment is  concerned  the  accessibility  of  the  coal  and  possibility  of 
marketing  it  are  just  as  important  as  the  factors  mentioned  above. 

TONNAGE  AND  CLASSIFICATION. 

Any  estimate  of  the  coal  resources  expressed  in  tonnage  will 
necessarily  indicate  the  minimum  quantity  and  can  not  show  the 
ultimate  coal  resources  of  the  Archipelago.  Even  where  surveys 
have  been  made,  a  large  factor  of  uncertainty  still  exists,  as  the 
coal  seams  dip  at  all  angles  up  to  90°  and  are  folded  and  faulted. 
Then,  too,  numerous  seams  have  been  known  to  thin  out  and 
disappear.     The  areas  used  in  making  the  estimate  are  small  and 
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possibly  will  be  subject  to  great  extension  in  the  light  of  sub- 
sequent information. 

There  is  almost  no  data  available  from  private  sources,  as  ex- 
tensive mining  or  prospecting  operations  which  form  an  impor- 
tant element  in  the  estimates  of  coal  resources  have  not  been 
carried  on  and  other  information  which  might  be  of  use  has  been 
withheld  from  the  Government. 

The  figures  given  in  Table  II  show  approximately  the  areas 
and  tonnages  of  the  Philippine  coal  fields.  The  statement  in- 
cludes all  coal  of  economic  value  in  seams  containing  not  less  than 
30  centimeters  of  merchantable  coal  and  situated  within  a  mine- 
able depth;  that  is,  not  more  than  1,220  meters  below  the  surface. 
The  quantities  are  stated  as :  1,  Actual  tonnage,  based  on  a  knowl- 
edge of  the  actual  thickness  and  extent  of  the  seams ;  2,  probable 
tonnage,  based  on  an  approximate  estimate;  and  3,  possible  ton- 
nage, for  which  an  estimate  in  figures  can  not  be  given. 

The  classification  of  Philippine  coals  is  based  primarily  on 
their  difference  in  physical  character  with  regard  to  color,  man- 
ner of  weathering,  and  adaptability  to  a  particular  use.  From 
the  ultimate  and  approximate  chemical  analyses  available,  ex- 
tensive use  has  been  made  of  the  various  ratios  as  employed  by 
the  United  States  Geological  Survey  and  the  Canadian  depart- 
ment of  mines. 

Using  these  different  criteria,  the  total  tonnage  of  the  vari- 
ous classes  of  coal  occurs  in  the  following  proportions : 

Bituminous:  Metric  tons. 

Burdeus 1,331,200 

Sibuguey 3,628,000 

Sub-bituminous : 

Liguan 277,600 

Camujumayan  14,592,000 

Camansi   4,505,600 

Mount  Licos 5,352,000 

Uling  5,792,000 

Sugud    154,000 

Masbate 612,000 

Lignite  (black) : 

East  Batan  24,300,000 

Calanaga    2,560,000 

Bulalacao   4,096,000 

Summary : 

Bituminous  4,959,200 

Sub-bituminous  31,285,200 

Lignite  (black)  30,956,000 

Total    67,200,400 
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COAL    FIELDS. 

Batan  Island  is  one  of  the  two  fields  containing  the  largest 
amount  of  coal.  It  lies  20  kilometers  northeast  of  Legaspi, 
Albay,  and  has  an  area  of  nearly  103  square  kilometers.  As  far 
as  known  the  coal-bearing  area  contains  28.5  square  kilometers 
underlain  by  black  lignite  seams  estimated  to  contain  26,860,000 
tons,  and  5  square  kilometers  underlain  by  sub-bituminous  coal 
seams  which  have  an  estimated  content  of  277,600  tons.  The 
workable  coal  beds  range  from  2  to  8  in  number  at  different 
localities  on  the  island  and  average  from  1  to  4  meters  in 
thickness. 

Cebu  Island. — The  Cebu  field  is  probably  the  most  promising 
in  the  Islands.  This  field  is  situated  on  the  eastern  side  of  the 
Cordillera  which  traverses  the  central  portion  of  Cebu.  It  ex- 
tends from  Mount  Lantauan  on  the  north  to  Mount  Alpaco  on  the 
south  and  embraces  an  area  of  coal-bearing  rocks  of  nearly  207 
square  kilometers.  The  distance  from  tide  water  is  12  to  25 
kilometers.  The  coals  of  this  field  are  sub-bituminous.  The 
largest  areas  and  those  which  have  been  most  extensively  pros- 
pected and  worked  are : 

1,  Camujumayan;  2,  Camansi;  3,  Mount  Licos;  4,  Uling. 

The  Camujumayan  district  is  a  narrow  basin  with  a  strike  of 
nearly  north  45°  east,  each  limb  of  the  syncline  dipping  35°.  The 
area  is  estimated  at  7.5  square  kilometers  with  a  thickness  of 
10  meters  of  coal  in  the  section.  This  would  give  a  probable 
coal  content  for  the  area  of  14,592,000  tons. 

The  Camansi  district  is  situated  14  kilometers  due  west  from 
Danao  on  the  east  coast  of  Cebu.  The  coal  seams  are  four  in 
number  and  have  an  aggregate  thickness  of  5  meters.  The  total 
area  of  available  coal  is  not  over  17  square  kilometers  with  a 
content  of  4,505,600  tons. 

The  Mount  Licos  district  is  about  10  kilometers  due  west 
from  Compostela,  which  is  just  south  of  Danao  on  the  east  coast. 
The  general  strike  of  the  coal  measures  is  north  25°  east  with 
dips  to  the  southeast  from  30°  to  90°.  There  are  four  seams  in 
the  section  with  a  total  thickness  of  5  meters.  The  possible 
area  is  25  square  kilometers  with  a  probable  coal  content  of 
5,352,000  tons  and  a  possible  area  greatly  in  excess  of  25  square 
kilometers. 

The  Uling  district  is  situated  12  kilometers  northwest  from 
Naga,  which  is  also  on  the  east  coast  about  20  kilometers  south 
of  the  City  of  Cebu.  The  coal-bearing  rocks  are  slightly  flexed 
and  folded  and  are  monoclinal.  The  conditions  are  such  that 
continuity  can  not  be  depended  upon.     The  strike  is  nearly  north 
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15°  east  and  the  beds  dip  at  angles  from  SO""  to  40°,  to  the  west- 
ward. Three  seams  are  known  to  exist  from  0.5  to  4.5  meters 
in  thickness.  The  area  is  14  square  kilometers  and  the  possible 
coal  content  5,792,000  tons. 

Polillo  Island  lies  24  kilometers  off  the  eastern  coast  of  Luzon 
at  nearly  the  same  latitude  as  Manila.  The  Burdens  district  is 
situated  on  the  eastern  side  of  the  Island  between  Burdens  and 
the  Anibauan  River.  The  district  is  off  any  regular  line  of 
steamers  and  on  a  bad  coast.  The  best  outcrops  have  been  found 
on  Guinibuan  Creek  and  vary  in  thickness  from  a  few  centimeters 
to  2  meters.  As  far  as  known  only  2  seams  occur  within  a 
workable  depth.  The  area  is  estimated  at  18  square  kilometers 
with  a  thickness  of  3.5  meters  of  coal.  The  probable  content  is 
1,331,200  tons  of  bituminous  coal. 

Mindanao  Island. — The  Sibuguey  district  is  northeast  of  Zam- 
boanga  about  233  kilometers  and  8  kilometers  from  tide  water. 
There  are  two  seams  of  bituminous  coal,  1.5  to  2.5  meters  thick. 
It  is  impossible  to  make  any  just  estimate  of  the  total  amount 
of  coal  for  lack  of  data,  but  there  is  probably  an  area  of  5  square 
kilometers  of  coal-bearing  rocks  with  0.5  square  kilometer  under- 
lain by  coal.  The  content  is  estimated  to  be  3,628,000  tons. 
The  possible  area  is  large. 

Masbate  Island, — This  field  is  situated  in  the  southeastern 
part  of  Masbate,  nearly  15  kilometers  distant  from  Cataingan 
Bay.  Three  distinct  seams  occur  having  from  1  to  1.5  meters 
thickness,  of  sub-bituminous  coal.  The  area  is  about  5  square 
kilometers  and  is  estimated  to  have  a  probable  coal  content  of 
612,000  tons. 

Mindoro  Island. — The  Bulalacao  district  is  situated  in  the 
southeastern  part  of  the  Island  of  Mindoro  and  is  10  kilometers 
from  tide  water.  The  seams  are  reported  to  be  from  1  to  4 
meters  thick  covering  an  area  of  nearly  8  square  kilometers. 
The  coal  is  a  black  lignite,  and  the  content  of  the  field  is  esti- 
mated at  4,096,000  tons. 

Sugud  district  (Gatbo)  is  situated  in  the  southeastern  part 
of  Luzon  on  Sugud  Bay.  The  coal  seams  are  nearly  vertical  with 
a  north  20°  west  strike.  The  seams  are  from  3  to  8.5  meters 
wide.  The  area  of  coal  bearing  rocks  is  approximately  16  square 
kilometers,  but  the  seams  are  nearly  vertical  and  broken.  The 
coal  content  is  estimated  at  154,000  tons  of  sub-bituminous 
coal. 

MARKET  AND  COAL  CONSUMPTION. 

There  is  a  large  market  for  coal  within  the  Philippine  Islands 
themselves.     Over  500,000  tons  are  used  annually  by  the  inter- 
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island  steamers,  railroads,  United  States  Army  and  Navy,  and 
industrial  plants.  Most  of  the  coal  used  at  present  is  imported 
from  Japan  and  Australia.  The  price  which  coal  commands  in 
the  Islands  varies  from  8  to  14  pesos  per  ton. 

Coal  in  Australia  can  be  mined  at  the  northern  collieries  for 
2.02  pesos  per  ton.  Some  of  these  mines  are  situated  near  tide 
w^ater  and  the  coal  can  be  delivered  on  board  ship  at  from  3.56 
to  5.34  pesos  per  ton.  In  Japan  coal  is  mined  for  approximately 
3  pesos  per  ton  and  sold  on  board  ship  for  from  5.20  to  9.60 
pesos  per  ton. 

Coal  has  been  mined  in  the  Philippines  for  about  the  same 
cost  as  given  above,  but  for  short  periods  only.  The  reason  for 
this  is  that  the  mines  have  not  been  sufficiently  developed  under- 
ground to  insure  a  steady  output  through  several  years  of  mining. 
Philippine  coal  is  sold  at  from  6  to  10  pesos  per  ton  in  the  open 
market. 

In  Table  III,  the  quantity  and  value  of  coal  and  coke  im- 
ported and  produced  since  1908  are  given. 

Table  III. — Coal  and  coke  imported  into  the  Philippine  Islands,  J 908-1 91  J. 

COAL   (SUBJECT  TO  DUTY). 
[Weights  in  metric  tons;  values  in  pesos,  Philippine  currency.] 


(/ountries. 


China   

East  Indies: 
British  ..- 

Dutch 

French 

Japan      

Australia 

United  States  . 
Africa 


Total 


Tons. 


I»0H 

f 


41  , 
2.197 


Value. 

430 
19,966 


l»09a 

Tons.         Value. 


43 
1,601 


J '  32 

J       3,391           28.480  293 

I  208.316  :   1.085,420  '.  171,866 

12                 126  ..         ' 

2  18 


260 
11,692  '' 


IIMOu 

Tons.         Value. 


110 


26, 200 
1, 295 


388  ' 

2,114      101.603 

908, 476     178, 775 


Tons.        Value. 


1.216 


164, 230 
8.676 


823.114 
947, 546 


17.317 
8,617 


109,110 
37,  750 


1,303,592 


233, 175  i   1, 144, 330 


213,958      1,134. 4(K)      173,835         922,930     307, 98^^      1.944.682     413, 736  ;  2. 594, 788 


COKE   (SUBJECT  TO  DUTY). 
[Weights  in  metric  tons  ;  values  in  pesos,  Philippine  currency.] 


Countries. 


United  States 

United  Kingdom  . 

China 

Hongkonfir.-. 

Japan  

Australia 


Total 


lOOHa 


inooa 


Tons.         Value.        Tons.    '     Value. 


! 


4  ! 
17  ' 
6  ! 

2.915 ; 

219  \ 


182  , 
612 
204  , 
30.968 
3.644 


59  I 
25  ' 


734 
686 


IDlOn 

Tons.         Value. 


9  ; 
343 


18 

322  ! 

4.900  ! 


1 

11 

263 

759 


144 

30 

526 

4.678 

10, 100 


3.158  ! 


35. 610 


444 


6.902  !      1.038 


..       ^       1       ,  I 

"  Twelve  months  ending  June  30. 


Tons.        Value. 


160 
10 
2 

29 

170 

1.158 


15. 138         1, 529 


4,386 

310 

62 

340 

3,070 

17, 812 


26.644 
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COAL  IMPORTED  INTO  THE  PHILIPPINE  ISLANDS  FREE  OF  DUTY. 

[WeiRhts  in  metric  tons  ;  values  in  pesos,  Philippine  currency.] 

Manila  Railroad  Co .  2,054  10,252  2.019  11,642  3.203  17,218  2.468  12.790 
Philippine  Railway 

Co 5.475           22,644         8.292           42,164  12.307  j        81,944         8.123           47.374 

Insular    Govern-  i 

ment ..      46.560      b279.360       40.519      b  243. 114         j .  

United  States  Gov-  i 

ernment    .                   226,162    »•  1,356, 972      173,781    »'1.042.686  104,054  1      644,166       93.999        502.086 


Total     280.251      1.673.198     224.611      l.:«9.596      119.564.       743.828      104.590         562,230 

SUMMARY  OF  COAL  CONSUMPTION  OF  THE   PHILIPPINE   ISLANDS. 
I  Weights  in  metric  tons;  values  in  pesos,  Philippine  currency.] 


Importtnl: 

Subject  to  duty      213,958  ,   1.134.400      173.835         922.  a30  '  307. 98;^  :   1.944.682      413.736     2.594.788 
Free  of  duty  280,251      1. 67:^198     221.611      1,.'W9, 596      119.564  74.S.328      1(M,59(»         5<)2, 230 

Produced     in     the  i  ; 

Philippines   |     10.035;        77.166       .30.:W6i       197.184:    27.969         176.255     »•  20.  (HX)         130,000 

Total     . .    504. 244  I  2. 884. 764      428.  782  ,  2.  459.  710  '  455. 516     2.  Wil.  265      548. 326     3. 287. 018 

•'  EstimattHl. 

DEVELOPMENT  AND  PRODUCTION. 

Although  coal  has  been  known  to  exist  in  the  Philippines  for 
over  eighty-five  years,  the  amount  of  mining  has  been  insignif- 
icant. During  the  last  year  two  coal  companies  have  been  in 
actual  operation  and  producing  coal. 

The  East  Batan  Coal  Co.  mine  is  not  working  to  its  full  capac- 
ity, but  is  awaiting  further  development  underground. 

The  total  production,  since  1842,  is  shown  in  the  following 
table: 

Table  IV. — Coal  production  of  the  Philippine  Islands  from  18^2  to  1911, 


Years  '    ***'^*"'*^ 

^  ^^'^^'  tons. 


1842  to  1906  .-- - --.-       -  -SO.OOO 

1907 .-         - -.               4,123 

1908 -      10,035 

1909 -..      -    -     .-       30,336 

1910 --         -   -  28,655 

1911 -. --- ;  •20,000 


Value. 


PenoB. 

450, 000 
26,800 
77,166 
197, 184 
176,255 
130,000 


■  Estimated. 

New^  discoveries  of  coal  have  been  reported  in  1911  from 
Bayombong,  Nueva  Vizcaya;  Llorente  and  Wright,  Samar; 
San  Isidro,  Leyte;  and  Tabasp,  Occidental  Negros.  Nothing  is 
known  of  these  occurrences  except  that  the  seams  vary  from 
a  few  centimeters  to  3  meters  in  thickness.  The  samples 
obtained  show  a  grade  of  coal  varying  from  black  lignite  to 
sub-bituminous. 
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The    samples    submitted    from    Samar    show    the    following 
analyses : 


Constituent. 


Sample 

from 
WriRht. 


Sample 

from 
Llorentc. 


Moisture 
Volatile       ._. 
Fixed  carbon 
Ash 


ToUl  - 

Sulphur  separately  determined 


1C)0.  (K) 
10.  57 


THE  SALT  INDUSTRY  AND  RESOURCES  OF  THE 
PHILIPPINE  ISLANDS/ 


By  Alvin  J.  Cox. 


INTRODUCTION. 

Common  salt  or  simply  salt  is  the  name  applied  to  the  industrial 
and  natural  forms  of  sodium  chloride  (NaCl) .  The  salt  industry 
is  an  important  one  and  as  it  supplies  a  very  necessary  article  of 
food  directly  affects  every  individual.  In  the  United  States  and 
in  England  it  is  estimated  that  about  9  kilograms  of  salt  per 
capita  are  used  annually,  directly  or  indirectly  for  food.  The  con- 
sumption per  capita  in  the  Philippines  is  probably  not  more  than 
one-half  of  this  amount.  The  use  of  common  salt  other  than  for 
domestic  purposes  is  very  large.  It  has  a  great  many  applica- 
tions as  a  pre.servative  and  in  different  chemical  and  metallur- 
gical processes. 

SOURCE  AND  CHEMISTRY  OF  THE  BRINE. 

Common  salt  (NaCl)  is  widely  distributed  in  nature.  It  occurs 
in  solution  in  sea  water  and  in  salt  springs  and  in  solid  form 
as  rock  salt. 

The  concentration  of  the  salt  dissolved  in  the  water  of  the  dif- 
ferent seas  is  variable,  depending  on  the  conditions  of  dilution 
and  concentration  by  evaporation.  An  especially  good  example 
of  the  latter  is  Great  Salt  Lake,  Utah,  which  contains  21  parts  of 
salt  in  100  parts  of  water.  The  Mediterranean  contains  3.8,  the 
Atlantic  Ocean  3.6,  the  Pacific  Ocean  3.5,  and  the  Baltic  Sea  0.5 
parts  of  salt  in  100  parts  of  water. 

In  spite  of  large  individual  variations,  sea  water  contains  on 
the  average  about  3.5  parts  of  salt.  A  reservoir  12  by  16.7  by  5.5 
meters  filled  with  sea  water  would  contain  about  40  tons  of  salt, 
and  it  has  been  calculated  that  if  all  oceans  and  seas  were  evapo- 
rated to  dryness  there  would  be  obtained  a  quantity  of  rock  salt 
equal  to  fourteen  and  one-half  times  the  continent  of  Europe 
above  sea  level. 

'  Delivered  before  the  Manila  Merchants'  Association,  February  23,  1912. 
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CHEMISTRY  OF  THE  BRINE, 


Besides  sodium  chloride,  sea  water  contains  small  quantities  of 
other  salts  such  as  calcium,  magnesium  and  potassium  sulphates, 
chloride,  and  bromides.  For  this  reason  the  chemistry  of  brine 
is  complex  and  involves  a  unique  study  of  chemical  equilibrii. 
For  the  practical  purposes  of  salt  manufacture,  however,  the 
chemistry  is  quite  simple.  We  have  in  most  cases  but  one  val- 
uable constituent,  the  sodium  chloride,  to  be  separated  from 
the  obnoxious  ingredients. 

When  sea  water  is  evaporated  at  ordinary  temperatures  the 
first  precipitation  begins  at  a  specific  gravity  of  1.05  and  consists 
of  calcium  carbonate  or  limestone  together  with  small  quantities 
of  hydrated  oxide  of  iron,  oxide  of  manganese,  alumina,  silica, 
and  some  few  other  impurities.  These  are  all  precipitated  be- 
fore a  specific  gravity  of  1.13  is  attained,  whereas  the  deposition 
of  gypsum  or  sulphate  of  lime  begins  at  this  concentration. 
Gypsum  is  the  only  constituent  of  sea  water  less  soluble  than  the 
common  salt  which  is  difficult  to  get  rid  of,  and  it  must  always  be 
removed  as  completely  as  practicable  before  the  sodium  chloride 
is  deposited. 

Gypsum  is  least  soluble  in  brine  when  the  concentration  is  as 
great  as  possible.  Three-fourths  of  it  are  deposited  between 
the  specific  gravities  of  1.13  and  1.21,  whereas  at  the  latter 
gravity  the  brine  has  just  reached  the  saturation  point  with 
respect  to  common  salt.  The  remaining  one-fourth  of  the  gyp- 
sum separates  out  with  the  salt,  but  constitutes  so  small  a  part 
of  the  whole  that  the  commercial  value  of  the  latter  is  not  appre- 
ciably lowered.  Deposition  of  95  per  cent  of  the  sodium  chloride 
occurs  in  concentrating  the  brine  from  a  specific  gravity  of  1.21 
to  the  point  where  the  formation  of  magnesium  sulphate  begins. 

With  further  concentration  some  of  the  bitter  salts,  princi- 
pally Epsom  salts  and  carnallite  will  be  precipitated  with  the 
remainder  of  the  sodium  chloride.  Magnesium  chloride  and 
bromide,  which  are  also  present,  are  not  actually  deposited,  but 
remain  in  solution  under  ordinary  atmospheric  conditions. 

It  is  evident  that  the  manipulation  of  the  brine  should  be  a 
progression;  the  separation  of  the  gypsum  should  precede  and, 
in  so  far  as  possible,  be  independent  of  the  crystallization  of 
the  sodium  chloride,  and  the  concentration  by  evaporation  should 
cease  before  the  bitter  salts  begin  to  deposit.  To  eliminate  the 
gypsum  and  to  obtain  the  salt  as  completely,  as  purely,  and  as 
cheaply  as  possible,  is  the  end  in  view  for  all  manufacturing 
processes.  In  the  laboratory,  it  is  very  easy  to  do  this,  but  in 
commercial  practice  any  operation  employed  must  be  very  inex- 
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pensive  and  the  cost  of  any  chemical  method  which  has  been 
proposed  is  too  great  to  permit  its  general  use.  Thus  far,  con- 
centration and  the  application  of  heat  are  the  only  means  which 
have  been  employed  to  hasten  the  deposition  of  gypsum. 

HISTORICAL. 

The  solar  evaporation  of  sea  water  is  of  ancient  origin.  Pliny 
relates  that  six  hundred  years  before  Christ  the  first  sea  water 
was  led  into  closed  basins  to  evaporate  for  salt.  The  beginning 
of  the  salt  industry  in  the  Philippines  is  obscure.  As  long  as 
the  Islands  have  been  inhabited,  it  is  probable  that  every  family 
along  the  sea  border  was  its  own  salt  maker.  Although  it  is 
impossible  to  determine  just  when  the  first  attempt  at  commercial 
salt  making  was  undertaken  in  the  Archipelago,  Spanish  writers 
referred  to  it  as  an  occupation  over  three  hundred  years  ago. 
The  industry  has  been  more  highly  developed  by  the  Tagalogs 
than  by  any  other  Filipino  peoples. 

SALT-MAKING    PROCESSES. 

All  processes  for  salt-making  fall  into  three  groups,  depending 
on  the  character  of  the  heat  employed  and  the  manner  of  its 
application:  (f)  Use  of  solar  heat,  or  solar  salt  manufacture; 
(2)  direct  artificial  heat,  or  kettle  and  pan  process;  (3)  steam 
heat  or  grainer  methods.  The  majority  of  the  plants  in  the 
Philippine  Islands  belong  to  the  solar  group;  there  are  a  few 
kettle  plants  and  no  steam  plants. 

USE  OF  SOLAR   HEAT   IN   DIFFERENT   PROCESSES. 

In  warm  climates,  as  upon  the  shores  of  the  Mediterranean, 
the  coasts  of  California  and  Mexico,  the  entire  Pacific  coast  of 
South  America,  the  islands  of  the  West  Indies,  southern  Aus- 
tralia, and  the  whole  coast  line  of  tropical  Asia,  including  China 
and  Japan,  sodium  chloride  is  obtained  by  the  evaporation  of 
sea  water  on  the  tide  lands,  or  in  the  shallow  lagoons,  or  in 
shallow  basins  or  pools  constructed  upon  the  sea  shore  and 
exposed  to  the  sun's  rays.  Salt  produced  in  this  way  is  called 
"bay  salt''  or  **sea  salt." 

In  many  countries  the  production  of  salt  is  a  state  monopoly, 
or  is  under  government  control.  The  salterns  or  salt  farms 
are  either  leased  to  private  companies  or  administered  directly 
by  the  officials  of  the  government. 

Since  American  occupation  all  restrictions  on  the  manufacture 
of  salt  in  the  Philippines  have  been  withdrawn. 

Solar  evaporation  must  be  carried  on  in  general  where  it  is 
hot  and  where  evaporation  greatly  exceeds  the  rainfall;  that  is, 
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where  there  is  a  pronounced  dry  season.  In  the  eastern  half 
of  the  Philippine  Archipelago,  the  rainfall  is  more  or  less  equi- 
tably distributed  throughout  the  year,  hence  the  principal  works 
aie  confined  to  the  western  portion  of  the  Islands  where  there 
is  a  definite  dry  season. 

At  present  salt  is  prepared  in  the  Philippines  in  large  quan- 
tities by  a  very  crude  and  simple  process  from  sea  water.  Large 
areas  of  sandy  land  along  the  coast  approximately  at  the  level 
of  high  tide  are  available  for  evaporating  salt  water.  The  sur- 
face of  this  is  loosened  and  water  from  canals,  through  which  it 
is  led  in  from  the  sea,  is  sprinkled  over  the  area  by  hand,  where 
it  rapidly  evaporates.  This  process  is  repeated  about  four  times 
per  day  for  three  days  until  a  quantity  of  salt  has  accumulated 
in  the  loose  earth.  On  the  fifth  day  this  salt-impregnated  earth 
is  scraped  into  heaps  and  collected  into  leaching  vats. 

The  leaching  vat  is  lined  with  clay  to  prevent  leakage  except 
at  one  point  where  the  water  is  purposely  allowed  to  escape 
through  a  bamboo  spout  into  a  cement,  earthenware,  or  clay-lined 
well.  The  leaching  is  performed  with  sea  water  poured  on  to 
a  filter  so  that  the  loose  earth  will  not  be  displaced.  On  top  of 
the  clay  is  placed  a  layer  of  palm  leaves  or  rice  hu^ks  which  filters 
the  mud  from  the  brine  and  allows  the  filtered  brine  to  circulate 
freely  downward  into  the  well.  The  brine  is  then  dipped  back 
into  the  leach  and  the  operation  repeated  until  it  becomes  strong, 
when  it  is  transferred  to  shallow  crystallizing  ponds. 

The  style  of  the  leach  depends  on  the  locality.  In  some  places 
a  leaching  vat  is  built  on  the  ground,  but  high  enough  so  that  the 
leached  mud  may  be  removed  by  gravity  after  the  process  is 
completed.  In  others,  after  the  leached  mud  has  hardened 
slightly,  it  is  marked  off  into  squares.  While  the  leaching  is  in 
progress,  another  layer  of  loose  earth  is  being  impregnated. 
This  is  scraped  into  heaps  about  the  leach,  while  the  squares  of 
leached  mud  are  drying.  When  the  blocks  have  sufficiently 
hardened,  they  are  thrown  from  the  leach  back  on  to  the  field. 
After  the  second  crop  of  salty  earth  has  been  scraped  into  the 
leach,  the  clods  are  pulverized  and  carefully  spread  out  to  be 
again  impregnated. 

The  amount  of  salt  in  brine  is  usually  determined  by  a  salo- 
meter,  a  hydrometer  (or  splindle),  which  gives  a  direct  reading 
of  the  percentage  of  the  salt  in  solution  by  having  the  point  to 
which  it  sinks  in  pure  water  marked  0  and  the  point  to  which 
it  sinks  in  saturated  brine  marked  100.  In  the  Philippines  there 
are  many  salt  water  shurbs  and  trees  which  when  green  have  a 
specific  gravity  greater  than  that  of  water.     It  is  common  prac- 
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tice  among  the  P'ilipinos  to  pluck  twigs  of  the  plant  known  locally 
as  sidase  {Lumnitzera  racemosa  Willd.)  which  grows  in  the 
marshes  near  the  salt  farms  and  along  the  levees  of  the  evapora- 
tion reservoirs,  strip  them  of  their  leaves  and  throw  them  into  the 
brine  to  test  its  strength.  If  they  sink,  the  brine  is  not  yet  strong 
enough ;  w^hen  they  float,  the  brine  is  suflficiently  concentrated  to 
transfer  to  the  crystallizing  ponds.  I  have  determined  the 
specific  gravity  of  the  sulase  such  as  they  use  to  be  about  1.085 
or  equivalent  to  11.5  per  cent  of  salt. 

The  crystallizing  ponds  are  floored  with  smooth  broken  pottery 
set  in  lime  mortar  to  retard  seepage  and  to  prevent  the  admixture 
of  sand  with  the  salt.  The  salt  crystals  are  readily  removed  from 
this  floor.  The  ponds  are  surrounded  with  bamboo  fences  covered 
with  7uija  or  cogon  grass,  in  order  to  prevent  the  prevailing 
wind  from  blowing  dust  into  them  and  to  prevent  the  floating 
crystals  from  congregating  on  the  leeward  side. 

This  method  for  the  manufacture  of  salt  has  been  used  as 
long  as  any  of  those  now  employed  in  the  industry  can  remem- 
ber and  is  probably  the  original  method  used  in  these  Islands. 
By  this  process  gypsum  is  largely  eliminated,  for  it  is  not  read- 
ily soluble  and  but  little  of  it  is  redissolved  in  the  leaches. 

A  modification  of  this  method  is  sometimes  though  seldom 
used  where  the  land  is  below  tide  level.  In  such  a  case  the 
depression  is  levelled,  enclosed  by  dykes,  and  filled  with  sea 
water  which  is  evaporated  by  the  sun's  rays;  when  the  water 
has  disappeared,  the  surface  crust  is  gathered  up  and  leached 
as  above  described. 

Another  method  in  use  in  the  Philippines,  introduced  in  re- 
cent years  by  the  Chinese,  utilizes  most  of  the  lower  areas — the 
vast  stretches  of  over-flowed  tide  lands,  or  salt  marshes,  at  the 
heads  of  the  bays  or  along  the  coastline.  The  land  best  suited 
is  that  flush  with  an  ordinary  tide  so  that  it  may  be  covered 
from  30  to  50  centimeters  deep  by  a  high  tide. 

The  land  having  been  cleared  of  vegetation  and  debris  is  first 
leveled  and  then  diked  with  levees  1  meter  or  more  high.  It 
is  then  partitioned  off  into  reservoirs  or  shallow  evaporation 
lakes  or  stock  ponds  of  diff'erent  sizes  depending  on  the  size  of 
the  plant  itself  for  receiving,  settling,  and  evaporating  the  sea 
water  and  precipitating  the  salts  of  lime.  There  are  seldom  less 
than  4  reservoirs  in  a  series  and  often  6  or  7.  The  reservoirs 
in  which  the  first  evaporation  takes  place  are  usually  used  as 
fish  ponds.  The  brine  is  drawn  from  one  reservoir  to  another 
as  it  strengthens  and  decreases  in  volume  by  evaporation  and 
new  w-ater  is  in  turn  admitted  from  the  bay  to  the  first  reservoir. 
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Beyund  the  reservoirs,  crystallizing  ponds  are  constructed  in 
the  manner  already  described. 

When  the  brine  contains  about  10  per  cent  of  salt  by  weight 
and  before  the  maximum  precipitation  of  impurities  has  been 
attained,  it  is  transferred  from  the  last  reservoir  to  the  crys- 
tallizing ponds,  the  average  dimensions  of  which  are  about  5 
by  6  meters,  for  final  evaporation.  As  the  evaporation  con- 
tinues in  the  crystallizing  ponds,  more  and  more  of  the  strongest 
brine  is  added.  As  the  brine  concentrates,  it  deposits  salt,  and 
every  day  after  sundown,  when  the  temperature  has  fallen,  to 
give  the  maximum  crystallization  the  crystals  are  raked  off 
the  liquid  into  heaps  at  the  side  of  the  ponds,  gathered  into 
baskets  called  tiklis  to  drain,  and  finally  conveyed  into  ware- 
houses. A  laborer  usually  works  from  4  to  6  of  these  ponds, 
either  on  shares  or  at  a  daily  wage  of  from  60  centavos  to  1  peso. 

In  the  ideal  plant  the  transfer  of  the  brine  from  the  bay  to 
the  crystallizing  ponds  is  by  gravity.  When  the  crystallizing 
ponds  are  higher  than  the  evaporation  reservoirs,  the  brine  is 
dipped  up  by  hand  from  wells  in  the  latter  and  transferred  to 
the  crystallizing  ponds  by  means  of  buckets  or  other  apparatus. 
The  soil  on  which  the  crystallizing  ponds  are  built  is  usually 
sandy,  and,  as  the  water  seeps  through,  ditches  carry  it  to  a 
well  from  which  it  is  bailed  out  with  a  bamboo  sweep  into 
another  ditch  which  returns  it  to  the  evaporation  reservoir  con- 
taining the  strongest  brine.  When  land  above  tide  level  is 
employed  for  a  greater  part  of  the  plant,  the  water  is  elevated 
with  a  bamboo  sweep. 

All  of  the  salt  works  are  reached  by  water  transportation. 

The  working  season  for  the  plants  along  Manila  Bay  varies 
somewhat  from  year  to  year,  but  depending  on  the  weather 
usually  begins  in  December  and  continues  until  May,  a  period 
of  approximately  one  hundred  and  fifty  days.  The  season 
closes  with  the  beginning  of  the  rains.  The  product  is  coarse 
and  not  usually  of  the  best  quality,  containing  magnesium  salts 
and  other  impurities. 

In  all  of  the  Philippine  plants  using  the  new  method  the  brine 
is  transferred  from  the  evaporating  reservoirs  at  a  density 
never  much  more  than  1.13,  the  concentration  at  which  gypsum 
begins  to  deposit.  The  effect  is  directly  noticeable  on  the  com- 
position of  the  products  which  contain  a  high  percentage  of 
lime.  The  bitter  salts  are  not  removed  from  the  crystallizing 
ponds  in  either  the  old  or  new  process  and  the  effect  is  evident 
in  the  high  magnesia  content  of  the  salt.  The  brine  thus  treated 
will  give  a  product  containing  6  to  7  per  cent  of  impurities. 
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However,  if  the  mother  liquor,  which  contains  bitter  and  hy- 
groscopic salts,  is  removed  from  time  to  time,  a  much  higher 
grade  of  salt  may  be  produced. 

The  salt  produced  by  the  old  native  method  has  acquired  a 
reputation  for  its  superior  qualities  for  curing  fish.  Many 
Filipinos  say  that  it  takes  more  of  the  salt  produced  by  the  new 
method  to  preserve  a  given  weight  of  fish. 

In  the  old  process  the  sea  water  is  evaporated  to  dryness,  and 
in  that  way  the  lime  salts  are  more  completely  removed  than 
is  now  common  practice  in  the  new  method  where  the  brine  is 
carried  to  the  crystallizing  ponds  too  soon.  By  the  old  method 
particularly,  the  salt  was  usually  retained  in  warehouses  for 
some  time.  With  the  new  method  salt  is  produced  in  large 
quantity  and  is  frequently  sold  directly  after  draining  and  be- 
fore the  pile  has  weathered  and  the  hygrascopic  salts  have  been 
washed  out  by  the  absorption  of  moisture  from  the  air.  These 
are  the  only  differences  between  the  two  products.  With  proper 
manipulation  the  salt  produced  by  the  new  method  will  have  as 
high  a  percentage  of  purity  as  that  produced  by  the  Filipino 
method. 

The  Ilocanos  in  some  places  have  developed  a  process  of  their 
own.  A  fire  is  built  on  the  beach  and  sea  water  continually 
sprinkled  on,  just  enough  not  to  put  out  the  fire.  Finally,  the 
fire  is  allowed  to  burn  out,  the  ashes  are  leached  with  sea  water, 
and  the  leachings  evaporated  by  artificial  heat  in  cauas,  or  huge, 
thick,  iron  pans  or  kettles  mounted  on  rude  clay  furnaces.  The 
crystals  produced  by  boiling  are  formed  rapidly  and  are  there- 
fore not  so  large  nor  so  hard  nor  so  desirable  for  packing  pur- 
poses as  those  produced  by  slow  evaporation. 

USE  OF  ARTIFICIAL  HEAT  IN   KETTLE  OR  PAN   PROCESSES. 

The  salt  supply  of  the  Mountain  Province  for  the  greater 
part  comes  from  the  lowlands  through  Cervantes.  The  article 
is  sold  to  the  people  at  exorbitant  prices.  The  people  of  the 
Mountain  Province  also  produce  a  certain  amount  of  a  poor 
grade  of  salt  by  evaporating  water  from  the  carbonated  brack- 
ish springs  at  Mayinit,  Bontoc;  Tukukan,  Ahin,  and  Bungii- 
bungna,  Ifugao;  and  Salina,  Nueva  Vizcaya. 

It  is  not  known  just  when  the  salt  springs  were  discovered. 
The  supply  of  brine  varies  in  quantity  and  in  strength.  The 
result  of  the  abnormal  price  is  that  in  certain  places  at  certain 
times  of  the  year  the  entire  supply  of  the  brine  is  used  for 
boiling  by  operators  who  take  turns  at  the  spring. 

Most  of  the  plants  now  used  are  very  much  like  those  de- 
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scribed  in  ancient  history.  They  consist  of  a  few  cauas,  or 
kettles,  obtained  from  the  Ilocanos,  mounted  on  crude  furnaces 
built  of  stone  and  clay.  There  are  no  furnaces  with  a  large 
number  of  kettles  and  often  there  is  only  one  kettle  to  a  furnace. 
At  present  there  is  little  attention  paid  to  the  economy  of  heat, 
though  eventually  the  success  or  failure  of  the  process  will  depend 
on  whether  or  not  there  is  economical  application  and  thorough 
utilization.  The  salt  obtained  in  this  way  is  very  inferior,  as 
no  method  is  adopted  to  separate  the  salt  from  the  mother 
liquor  or  other  impurities  either  organic  or  inorganic.  One 
laborer  can  attend  to  one  kettle  and  produce  about  12  kilograms 
of  salt  per  day.  By  the  old  solar  method  the  average  daily 
production  per  laborer  varies  from  14  to  85  kilograms  of  salt, 
depending  on  the  locality  and  the  refinement  of  the  process, 
while  the  average  production  for  the  new  process  is  about  200 
kilograms  of  salt  per  laborer  per  day. 

At  Mayinit  the  salt  water  is  hot,  contains  0.3  per  cent  of 
salt,  and  flows  from  the  spring  in  several  shallow  streams.  Salt 
houses  are  built  over  carefully  leveled  plots  of  clayey  soil  upon 
which  water  from  the  streams  is  led.  There  are  more  than 
100  such  houses,  usually  about  4  meters  wide  and  from  4  to  8 
meters  long,  with  grass-covered  roofs  extending  to  the  earth. 
The  ground  space  of  the  salt  house  is  covered  with  stones  from 
10  to  15  centimeters  in  diameter.  The  hot  water  is  allowed  to 
spread  out  and  pass  among  the  bases  of  these  stones  from  where 
it  is  carried  up  on  the  stones  by  capillarity  and  evaporates  fairly 
rapidly  from  the  exposed  hot  surfaces,  leaving  a  thin  crust  of 
salt. 

About  once  each  month  the  salt  is  gathered  by  w^ashing  the 
encrustation  from  the  stones  into  a  large  wooded  trough  called 
a  ko4ong-ko.  After  each  stone  has  been  thoroughly  washed, 
it  is  replaced  in  the  house.  The  saturated  brine  is  preserved 
until  a  sufficient  quantity  is  gathered  for  evaporation,  when  it 
is  boiled  as  above  described.  The  product  is  pressed  into  cakes 
and  placed  upon  bits  of  broken  earthenw^are  and  baked  either 
in  the  fire  or  in  the  sun. 

The  dried  salt  contains  about  13  per  cent  impurities. 

The  flow  of  the  spring  at  Tukukan  and  at  Ahin  is  probably 
500  liters  per  hour  each  and  contains  0.6  and  1.2  per  cent  of 
salt  respectively.  The  Tukukan  spring  is  rather  inaccessible, 
but  that  at  Ahin  is  on  the  bank  of  the  river  down  which  is  floated 
the  necessary  wood  for  the  furnaces,  cut  from  the  pine  forests 
above.  The  latter  spring  comes  from  a  crevice  in  the  solid  rock 
and  could  probably  be  developed. 
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In  July,  1910,  there  were  a  dozen  kettles  in  operation  which 
consumed  the  entire  output  of  the  spring  at  Bungii-bungrna. 

When  the  salt  has  been  evaporated  to  a  semi-solid  condition, 
it  is  made  up  into  packages  and  the  drying  is  completed  by 
placing  these  on  the  hot  rock3  of  the  furnace.  These  contain 
about  350  grams  each  and  sell  for  a  peseta  '  apiece. 

At  Salina  the  sight  of  the  two  springs  is  a  wonderful  one 
aside  from  the  salt  making  operations.  The  brine  comes  from 
the  springs  in  the  side  of  the  mountain  highly  charged  with 
carbon  dioxide  under  which  condition  it  carries,  besides  3.2  per 
cent  of  salt,  large  quantities  of  lime  and  some  iron  in  solution. 
On  reaching  the  surface  where  the  pressure  is  released  the 
carbonate  of  lime  is  deposited  and  in  this  way  the  springs  have 
build  up  huge  mounds  of  mineral  deposits. 

A  portion  of  the  water  is  collected  and  carried  nearly  2  kilo- 
meters through  troughs  made  of  split  bamboo.  These  are  quite 
rapidly  coated  with  sulphate  and  carbonate  of  lime  in  that  por- 
tion of  the  line  nearest  the  spring,  the  amount  of  coating  decreas- 
ing fairly  rapidly  with  distance.  In  fact  the  objects  of  carrying 
the  water  so  far  through  open  troughs  are:  first,  to  get  rid  of 
the  undesirable  substances  which  precipitate  before  the  salt,  and, 
second,  in  order  that  firewood  may  be  closer  at  hand  for  the 
boiling.  Hardwood  logs  are  used  for  fuel  and  are  shoved  in  from 
both  sides  of  the  furnace  so  that  the  points  meet  at  the  center. 
As  the  points  burn  off  the  logs  are  shoved  in  farther.  Practically 
the  only  cost  of  producing  salt  here  is  the  cost  of  getting  out  the 
wood.     About  70  pans  were  in  operation  in  June,  1911. 

Only  a  small  part  of  the  water  which  is  at  present  flowing 
from  these  springs  is  utilized,  yet  it  furnishes  125,000  kilograms 
of  salt  annually  for  a  population  of  about  50,000  people  so  there 
ought  to  be  an  opportunity  for  doing  away  with  kettles  and  open 
pans  and  starting  a  modern  concentration  plant  with  steam 
heat. 

In  general  when  kettles  and  open  pans  are  used  they  are  placed 
over  a  long  combustion  chamber  in  direct  contact  with  the  flames 
from  the  furnace.  The  heating  is  not  uniform.  The  removal 
of  the  gj^psum  depends  upon  a  quiet,  regular  boil  of  the  liquid 
which  can  not  be  uniformly  obtained  in  all  the  kettles  of  a  block, 
and  therefore  the  quality  of  the  salt  is  variable.  Furthermore, 
the  heat  causes  the  calcium  sulphate  to  form  a  hard  scale  which 
clings  to  the  kettle,  and  thus  reduces  the  efficiency.  Steam  heat 
is  more  frequently  used  when  vacuum  pans  are  employed.     The 

^  One  peso  (100  centavos)  Philippine  currency  is  equal  to  50  cents 
United  States  currency.     One  peseta  is  20  centavos. 
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grainer  process  requires  steam  heat  exclusively.  The  steam  is 
carried  through  pipes  submerged  in  the  brine.  The  temperature 
is  varied  by  varying  the  pressure,  so  as  to  obtain  salt  having 
the  desired  grain.  This  process  is  now  much  more  generally 
used  in  the  United  States  than  any  other.  The  general  result 
is  that  a  better  quality  of  salt  is  produced  and  about  50  per  cent 
more  evaporation  is  effected  by  a  given  quantity  of  fuel,  when 
it  is  fired  under  a  properly  constructed  boiler  to  produce  steam 
for  heating  purposes,  than  in  any  other  way.  There  is  coal  in 
Nueva  Ecija  and  coal  is  even  a  better  fuel  for  salt  vacuum-pan 
or  grainer  units  than  wood. 

PRODUCTION  AND  IMPORTATIONS. 

Few  statistics  of  the  salt  produced  in  the  Philippines  have 
been  kept.  Information  from  municipal  presidents  shows  that 
there  were  over  100  municipalities  in  about  20  provinces  produc- 
ing salt  by  the  evaporation  of  sea  water  with  solar  heat  in 
1910-11,  and  that  in  round  numbers  20,000,000  kilograms  of 
coarse  salt  were  produced.  Thirty-five  per  cent  of  the  total 
amount  was  produced  in  the  Province  of  Rizal.  Since  there  is 
no  exact  basis  of  comparison,  it  is  impossible  to  prove  a  large 
increase  in  the  local  production,  though  the  value  of  last  year's 
production  was  nearly  twice  that  given  for  1903  in  the  Census 
of  the  Philippine  Islands. 

Formerly  the  Philippines  produced  practically  enough  salt  for 
domestic  consumption.  This  is  no  longer  true.  The  local  pro- 
duction does  not  keep  pace  with  the  growth  of  the  packing 
industry.  By  actual  count  in  1907  there  were  but  5  Chinamen 
engaged  in  packing  sardines  in  Tondo,  but  before  the  great 
Tondo  fire  of  last  year  there  were  36  in  this  business  in  that 
section  of  the  city,  each  using  large  amounts  of  coarse  salt. 
Since  1907  there  have  been  no  exportations  of  salt  and  the  im- 
portations have  increased  from  6,070  pesos  in  1908  to  122,210 
pesos  in  1911  and  there  is  every  evidence  that  this  is  in  the  face 
of  increased  production.  The  principal  importations  are  from 
China  which  sends  only  coarse  salt  in  shipments  of  from  1-  to 
300-bag  lots.  The  production  of  salt  in  the  Philippines  ought  to 
be  increased  and  improved  so  as  to  reduce  and  more  perfectly 
compete  with  this  importation ;  furthermore,  with  Manila's  good 
dock  facilities  there  is  the  possibility  of  increasing  the  number 
of  industries  using  common  salt.  Sardine  canneries  and  other 
similar  commercial  packing  industries  could  be  developed  and 
increased  if  an  abundant  and  cheap  supply  of  salt  were  assured. 

The  various  elements  which  make  up  the  cq^st  of  an  article  of 
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commerce  are  found  exemplified  in  the  simplest  and  clearest 
manner  in  the  salt  industry  of  the  Philippines. 

The  raw  material,  sea  water,  is  without  cost,  and  the  cost  of  the 
salt  depends  upon  the  unskilled  labor  needed  to  produce  it  and 
the  interest  on  the  investment  in  the  plant.  The  cost  of  imple- 
ments is  less  than  for  any  other  industry.  The  introduction 
of  the  use  of  reservoirs  for  evaporating  the  sea  water  is  in  the 
nature  of  a  labor-saving  device. 

SALT   MILLING. 

So  far  as  I  have  been  able  to  determine  there  have  been  no 
attempts  at  salt  milling  in  the  Islands,  and  the  only  product  has 
been  coarse  salt.  There  has  been  sufficient  demand  from  titmdas 
and  packers  to  consume  it  all  in  this  form.  A  modern  mill  might 
be  profitable  after  the  output  has  been  very  largely  increased. 

BY-PRODUCTS. 

In  the  Philippines,  no  effort  is  made  to  derive  a  profit  from 
the  by-products.  In  certain  localities  in  the  United  States  the 
entire  profit  of  the  salt  industry  has  been  from  by-products.  In 
fact  in  some  plants  the  salt  alone  is  made  at  a  financial  loss,  but 
the  bromine  and  calcium  chloride  have  yielded  sufficient  returns 
to  keep  the  furnaces  active. 

The  bromine  is  liberated  as  a  vapor  by  means  of  chemicals 
from  the  hot  bitterns  and  is  liquified  in  a  condenser. 

After  the  bromine  has  been  removed,  the  liquid  is  treated  with 
lime  and  then  concentrated  by  boiling  in  an  open  pan.  The 
process  is  completed  in  kettles  containing  steam  coils,  the  calcium 
chloride  remaining  as  a  thick  liquid  which  solidifies  on  cooling. 

Bromine  is  used  for  metallurgical  purposes,  in  photography, 
in  the  color  industry,  in  medicines,  especially  as  potassium  and 
sodium  bromides,  and  as  an  oxydizing  agent,  and  is  worth  about 
2  pesos  per  kilogram.  I  doubt  if  the  manufacture  of  calcium 
chloride  in  the  Philippines  would  be  a  financial  success,  for  the 
local  demand  is  small  and  since  it  is  a  cheap  product,  worth 
only  about  8  centavos  per  kilogram,  there  would  be  little  profit 
in  shipping  it  to  a  distant  market. 

SUGGESTIONS. 

Solar  salt  is  manufactured  at  Syracuse,  New  York,  and  other 
places  by  evaporating  brine  on  so-called  covers,  shallow  wooden 
vats  provided  with  light,  movable  roofs  arranged  in  such  a  way 
that  they  can  be  easily  shoved  over  the  vats  when  it  rains.  The 
improved  process  consists  in  the  use  of  "aprons,"  which  convey 
the  brine  from  the  wells  to  the  salt  fields;  these  are  very  wide 
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shallow  troughs  in  complete  exposure  to  the  sun,  air,  and  wind ; 
and  are  5  or  6  meters  wide  by  6  or  7  centimeters  deep.  Upon 
this,  the  brine  kept  at  a  depth  of  about  1  or  2  centimeters  flows 
slowly,  depositing  the  gypsum  and  being  delivered  in  a  saturated 
condition  to  the  covers.  The  fall  of  brine  is  usually  about  1 
centimeter  to  10  meters.  Under  the  aprons  are  deep  rooms,  or 
tanks,  so  placed  that,  in  case  of  rain,  the  brine  on  the  apron  can 
be  discharged  into  the  deep  room,  where  it  is  protected  from 
dilution,  remaining  there  until  the  return  of  fair  weather,  when 
it  is  pumped  back  into  the  apron,  from  which  all  rain  water  has 
been  drained.  With  this  improvement,  the  efficiency  of  a  cover 
has  been  increased  over  80  per  cent  in  many  instances.  Natural 
brines,  which  are  sometimes  very  dilute,  are  often  concentrated 
by  dripping  over  extensive  ricks  composed  of  twigs.  In  the 
Philippines  where  nipa  and  grass  roofs  are  so  cheap  and  com- 
paratively durable,  I  believe  a  great  deal  might  be  done  in  the 
adaption  and  utilization  of  these  ideas.  For  instance,  the  past 
season  illustrates  what  may  be  accomplished  in  this  direction. 
During  the  period  from  December  1,  1910,  to  May  31,  1911,  more 
than  half  of  the  water  evaporated  from  the  ponds  was  returned 
to  them  by  rain,  so  that  operations  on  the  salt  farms  were  much 
interfered  with  and  at  times  suspended.  Out  of  the  season  of 
six  months  it  rained  on  thirty-two  days,  and  on  eighteen  of  these 
days  more  water  fell  into  the  ponds  than  was  evaporated  from 
them.  Even  in  the  most  favorable  four  months  of  this  season 
more  than  one-fifth  of  the  water  evaporated  from  the  ponds  was 
returned  by  rain  and,  therefore,  the  effective  evaporation  was 
only  four-fifths  of  the  apparent.  If  the  ponds  had  been  covered 
during  the  whole  period,  four-fifths  as  much  water  would  have 
been  evaporated  as  was  evaporated  in  free  exposure.  In  other 
words,  if  the  ponds  had  been  covered  during  the  whole  season, 
the  evaporation  would  have  been  at  the  rate  of  the  eff'ective 
evaporation  during  the  most  favorable  months. 

The  saving  by  the  use  of  covered  vats  may  be  further  il- 
lustrated. A  square  meter  of  crystallizing  pond  originally  costs 
about  1  peso,  the  annual  upkeep  is  about  5  centavos  and  the 
annual  yield  is  about  100  kilograms  of  salt.  By  the  use  of 
covers  the  average  annual  yield  could  be  increased  to  118.7 
kilograms  and  in  exceptional  seasons  to  153  kilograms  with 
very  little  additional  labor.  The  original  cost  of  arranging 
movable  roofs  in  such  a  way  that  they  can  be  slid  easily  over 
the  vats  when  it  rains  would  not  exceed  50  centavos  per  square 
meter  and  the  life  of  the  roofs  would  be  at  least  five  years.  The 
increased  output  of  an  average  seasoYi  would  return  50  per  cent 
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of  the  additional  outlay,  and  in  exceptionally  favorable  seasons 
this  would  be  increased  threefold.  F'urthermore,  the  length  of 
the  season  could  be  considerably  increased.  No  strong  brine 
would  ever  be  lost  at  the  end  of  the  season,  as  the  evaporation 
could  be  finished  entirely  under  cover,  if  necessary. 

The  fact  must  be  recognized  that  the  producers  in  general 
are  not  obtaining  the  best  practical  results.  Many  of  them  are 
unwilling  to  change  their  methods,  while  others  can  not  without 
a  previous  study  for  which  they  have  neither  time  nor  oppor- 
tunity. The  foundation  for  such  study  is  the  collection  of 
manufacturing  statistics  from  the  native  works,  and  their  care- 
ful comparison  with  each  other  and  with  the  best  results  of 
foreign  practice.  The  results  of  my  study  thus  far  lead  to  the 
following  conclusions : — 

With  the  same  labor  and  the  same  area  a  plant  using  the  most 
efficient  process  of  the  old  method  will  produce  only  one-fifth 
to  one-third  as  much  salt  as  one  using  the  new  method.  With 
the  latter  the  following  conditions  should  be  observed : — 

The  brine  should  not  be  transferred  to  the  crystallization  ponds 
until  salt  is  ready  to  crystallize  out,  for  in  the  evaporation 
reservoirs  large  quantities  of  gypsum  and  other  matter  precip- 
itated before  the  salt  settles  out  and  a  purer  grade  of  salt 
is  obtained.  There  should  be  a  proper  relation  between  th€ 
crystallization  pond  area  and  the  area  of  the  evaporation  res- 
ervoirs so  that  the  brine  will  be  delivered  to  the  crystallization 
ponds  in  a  saturated  condition. 

The  area  occupied  by  the  crystallizing  ponds  should  be  as 
small  as  is  possible  to  accommodate  the  brine  concentrated  in  the 
evaporation  reservoirs,  for  in  that  way  one  obtains  as  much 
salt  with  less  labor.  When  the  mother  liquor  in  the  crystalliz- 
ing ponds  has  become  so  concentrated  that  it  gives  an  impure 
salt,  it  should  be  drawn  oflf  and  worked  over  for  the  by-products 
or  discarded.  Experiments  show  that  salt  with  less  than  0.5 
per  cent  of  impurities  may  be  obtained  with  these  precautions. 

Effort  should  be  made  to  improve  the  quality  of  the  output 
and  to  develop  a  larger  industry  in  the  Philippines. 


SULPHUR  DEPOSITS  IN  THE  PHILIPPINE  ISLANDS. 

WITH  EXTRACTS  FROM  THE  REPORTS  OF  MAURICE  E.  GOODMAN 
AND  H.  G.  FERGUSON. 


By  Warren  D.  Smith. 


GENERAL  CONSIDERATIONS. 

Before  describing  these  localities  in  detail,  I  shall  give  some 
general  facts  in  connection  with  the  sulphur  industry,  which 
bear  upon  commercial  exploitation. 

In  the  Philippines,  as  in  Japan,  sulphur  is  found  in  connection 
with  extinct  or  dying  volcanoes.  In  places  one  encounters  small 
cones  of  nearly  pure  sulphur  built  up  around  vents  from  which 
have  issued,  and  in  some  cases  still  issue,  sulphurous  gases.  Also, 
sulphur  is  encountered  permeating  the  volcanic  rocks  in  the 
jaeighborhood  of  these  vents.  It  is  quite  possible  that  boring  in 
and  about  volcanic  regions  in  the  Philippines  will  disclose  im- 
portant quantities  of  sulphur-permeated  rock.  When  the  sul- 
phur content  is  not  less  than  8  or  10  per  cent,  such  material  can 
be  worked  profitably  where  labor  and  transportation  conditions 
are  favorable. 

We  have  no  estimates  of  the  quantity  of  sulphur  available,  ex- 
cept in  the  case  of  the  Biliran  Island  and  Leyte  deposits,  where 
Goodman,  formerly  of  the  Bureau  of  Science,  estimated  that  there 
were  possibly  3,000  tons  in  the  three  deposits  in  sight.  Of  the 
amount  on  the  Island  of  Camiguin  (north  of  Luzon),  Ferguson, 
formerly  of  the  Bureau  of  Science,  could  give  no  estimate,  but 
reported  that  there  was  apparently  a  commercial  deposit. 

Mining. — The  mining  of  sulphur  is  usually  a  simple  process; 
ordinary  quarrying  methods  being  often  resorted  to.  In  Louis- 
iana the  sulphur  is  obtained  by  forcing  hot  water  down  specially 
designed  wells  and  fusing  the  sulphur  which  is  then  removed  as 
a  liquid. 

Refining, — The  common  practice  in  refining  is  a  simple  heat 
treatment,  the  sulphur  either  melting  and  flowing  away  from  the 
gangue  rock,  or  distilling  off  directly  as  a  gas.  Sulphur  which 
has  been  separated  by  melting  is  usually  further  refined  by 
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distillation,  the  result  of  which  is  the  well-known  product  **flowers 
of  sulphur/* 

Market. — As  the  Japanese  have  built  up  a  considerable  indus- 
try, there  would  probably  be  competition  in  placing  Philippine 
sulphur  on  the  market.  There  are  31  localities  in  Japan  where 
sulphur  is  mined.  In  these  localities  the  sulphur  occurs  in  very 
much  the  same  manner  as  we  find  it  in  the  Philippines. 

The  present  price  of  prime  domestic  sulphur,  as  quoted  in  New 
York,  is  44  pesos  (22  dollars,  United  States  currency)  to  45 
pesos  (22.50  dollars.  United  States  currency)  a  ton.  A  very 
important  item  should  be  noted  in  connection  with  the  expor- 
tation of  Philippine  sulphur;  namely,  the  export  tax  of  2  pesos 
a  ton  on  Philippine  ores.  Sulphur  would  probably  be  classed 
as  an  ore. 

DETAILED  DESCRIPTION   OF  LOCALITIES. 

BILIRAN   ISLAND  AND  LEYTE. 

The  report  of  Goodman,  formerly  of  this  Bureau,  made  in 
January,  1906,  regarding  these  deposits,  mentions  some  *'solfa- 
taras*'  near  Burauen,  south  of  Tacloban,  on  the  Island  of  Leyte. 
Concerning  the  Burauen  sulphur  which  is  about  10  kilometers 
south  of  Burauen,  Leyte,  Goodman  says: 

The  source  of  the  heat  and  sulphur  carried  by  the  Mainit  lies  in  the 
solfatara,  which  is  only  about  one-half  kilometer  east  of  where  we  crossed 
the  river  and  about  30  meters  above  it.  The  To-od  Grande,  as  this  solfatara 
is  called,  is  a  larp:e  barren  space  about  250  meters  long:  by  150  meters  wide. 
Its  surface  consists  of  white  kaolin  resulting  from  the  corrosion  by  acid 
fumes  of  some  volcanic  rock,  probably  andesite.  A  portion  of  this  super- 
ficial layer  has  encrusted  upon  it  a  greenish  yellow  mixture  of  sulphur  and 
clay,  deposited  from  the  sulphuric  gases  which  still  emanate  from  numerous 
fissures  and  crater-like  openings  in  the  surface  of  this  barren  area. 

These  openings  are  of  two  kinds:  dry  vents  from  which  gases  escape 
into  the  atmosphere  without  the  association  of  water,  and  wet  holes  which 
are  like  large  earthen  caldrons  containing  either  boiling  mud  or  water. 
Extending  some  distance  around  the  orifice  of  the  dry  vents  there  is  usually 
formed  an  incrustation  of  beautiful  yellow  crystals  of  sulphur.  The  bulk  of 
the  sulphur,  however,  lies  in  the  impure  clayey  mixture  distributed  over  the 
surface  in  irregular  patches.  An  average  sample  of  the  crust  to  a  depth 
of  about  20  centimeters  yielded  on  analysis  66.1  per  cent  of  free  sulphur. 

The  To-od  Pequeiio  is  a  continuation  of  the  same  solfatara,  situated  to 
the  south  of  and  at  a  lower  level  than  the  To-od  Grande.  It  exhibits  the 
same  phenomena  as  the  upper  solfatara,  but  is  much  smaller  in  area. 
In  one  portion  of  the  To-od  Pequeiio  is  a  large  cave  from  the  bottom  of 
which  issue  steam,  sulphurous,  chlorine,  and  other  gases,  corroding  the 
sides  and  roof  of  the  vault  and  giving  to  it  a  varicolored  appearance,  due 
to  the  secondary  minerals  formed. 

About  1  kilometer  southeast  of  the  To-od  and  separated  from  it  by  a 
high  ridge  of  andesite  is  another  solfatara  called  the  Pangujaan.  It  is 
situated  on  the  southern  slope  of  a  slide,  about  40  meters  high  and  about 
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90  meters  wide,  from  the  sides  of  which  four  or  five  larger  and  several 
more  smaller  vents  give  off  steam  and  sulphurous  gases  in  a  continuous 
flow.  As  at  the  To-od,  these  vents  are  usually  ringed  with  a  sublimate  of 
sulphur,  close  approach  to  which,  however,  is  very  difficult  on  account  of 
the  precipitousness  of  the  slide  as  well  as  on  account  of  the  heat  and 
obnoxious  gases  given  off.  Occasionally  the  channel  leading  to  one  of 
these  vents  may  become  closed,  and  the  flow  of  gases  deflected  in  another 
direction,  in  which  event  the  rich  sublimate  which  has  formed  in  the  neck 
and  about  the  mouth  of  the  vent  becomes  covered  over  with  a  subsequent 
layer  of  kaolin,  forming  a  hidden  deposit  of  almost  pure  sulphur.     *     *     * 

The  sulphur  on  Biliran  Island,  Goodman  describes  as  follows : 

On  Wednesday,  November  22,  I  left  Naval  for  the  interior  of  the  island. 
The  first  6  or  8  kilometers  led  over  a  wide  trail  and  an  easy  grade,  turning 
into  a  very  crooked,  steep,  and  slippery  one  as  the  trail  entered  the  forest 
on  the  slope  of  Mount  Capinajan.  About  5  kilometers  southwest  of 
Capinajan  is  situated  Mount  Guiron  upon  the  slopes  of  which  are  located 
the  two  most  important  solfataras  on  the  island  of  Biliran.  The  San 
Antonio,  situated  on  the  western  slope,  at  an  altitude  of  about  335  meters, 
comprises  1  pertenencia,  and  the  Santa  Rosalia,  situated  on  the  eastern 
slope,  about  185  meters  higher  than  the  San  Antonio,  comprises  2  perte- 
nencias.  Both  these  concessions  were  granted  to  Prudencio  Ruiz,  about 
the  year  1880.  During  his  lifetime,  Senor  Ruiz  spent  considerable  money 
in  the  development  of  his  two  concessions,  mainly  in  the  construction  of 
roads  and  pack  trails  between  the  solfataras  and  the  towns  of  Naval 
and  Caibiran,  situated  respectively  on  the  west  and  east  coast  of  the  Island 
of  Biliran.  Another  trail  passed  over  Mount  Guiron  between  the  two 
solfataras,  making  the  connecting,  link  in  a  direct  route  between  Naval 
and  Caibiran.  Although  for  the  most  part  still  well  defined  and  easily 
passable,  portions  of  the  trail  have  become  so  overgrown  that  this  route 
across  the  island  has  fallen  into  general  disuse.  Senor  Ruiz  died  in  the 
early  eighties,  and  the  sulphur  mines  have  been  abandoned  ever  since. 

The  San  Antonio  solfatara,  in  its  general  aspect,  is  very  similar  to  the 
To-od  south  of  Burauen,  but  on  a  smaller  scale,  possessing  an  open 
expanse  of  only  about  76  by  107  meters  or  about  one-fifth  that  of  the 
To-od.  Its  surface  is  pierced  by  numerous  vents,  some  of  them  as  large 
as  3  meters  in  diameter,  presenting  the  same  phenomena  as  are  exhibited 
in  the  To-od.  The  highest  temperature  recorded  in  the  examination  of 
several  wet  holes  was  99°  C.  which  is  the  boiling  point  of  water  at  this 
altitude.  The  hot  gases  emitted  from  the  dry  holes  made  it  impossible  to 
approach  them  close  enough  to  observe  their  temperature  with  an  ordinary 
thermometer. 

The  Santa  Rosalia  solfatara  is  situated  at  the  head  of  the  Mapula 
River,  which  flows  eastward  and  empties  into  the  Caibiran  River  near  the 
town  of  Caibiran.  It  differs  from  the  San  Antonio  and  the  To-od  sol- 
fataras in  that  it  does  not  lie  upon  a  barren  and  comparatively  level  flat, 
but  covers  both  sides  and  bottom  of  a  low  steep  ridge  and  gully.  It 
differs  also  in  that  it  is  no  longer  active,  though  apparently  but  recently 
extinguished.  The  Mapuld  which  flows  about  75  meters  below  the  solfa- 
tara is  so  highly  mineralized  as  to  be  unfit  to  drink,  and  its  temperature 
in  the  neighborhood  of  the  solfatara  is  about  35°  C.  With  the  exception 
of  the  Guizo,  it  is  also  the  poorest  of  all  the  solfataras  visited  in  Leyte, 
both  in  quantity  and  in  quality  of  the  sulphur  ore.  That  this  condition 
may  be  due  to  previous  exploitation  is  likely. 
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To  make  a  close  estimate  of  the  amount  of  sulphur  available  in  any  of 
the  solfataras  mentioned  is  impossible,  on  account  of  the  irregularity  of 
the  deposit  not  only  superficially  but  probably  in  depth  as  well.  From 
such  data  as  I  obtained  from  a  superficial  examination  alone,  it  is  es- 
timated that  about  3,000  tons  of  sulphur  are  in  sig:ht  at  the  To-od  and 
Pan^jaan  solfataras  south  of  Burauen,  while  at  the  San  Antonio,  on  the 
Island  of  Biliran,  the  estimated  amount  is  about  400  tons.  The  sulphur 
in  sight  at  the  Santa  Rosalia  is  inappreciable  in  amount. 

Of  the  sulphur  in  sipfht  there  must  be  deducted  at  least  25  per  cent 
for  losses  in  mining  and  treatment  of  the  sulphur  ore,  which  leaves  about 
2,250  tons  obtainable  at  the  Burauen  solfataras  and  only  about  300  tons 
at  the  San  Antonio.     *     *     ♦ 

Goodman  considers  the  exploitation  of  the  Burauen  solfataras 
commercially  impossible  because  of  the  lack  of  transportation 
facilities  from  the  deposit  to  the  coast.  If  the  provincial  road 
were  improved  over  the  42  kilometers  between  Burauen  and 
Tacloban,  the  sulphur  could  apparently  be  put  on  the  market 
in  Manila  at  a  cost  that  would  permit  of  a  reasonable  profit  at 
prevailing  prices. 

Goodman  makes  the  following  cost  estimates  for  the  Biliran 
deposits : 

In  the  case  of  the  San  Antonio  solfataras  on  the  Island  of  Biliran, 
the  cost  of  transporting  the  refined  sulphur  to  Manila  would  not  be 
nearly  as  great  as  it  would  be  from  the  Burauen  solfataras.  The  cost 
of  transportation,  including  the  cost  of  packing  on  ponies  from  the  solfa- 
taras to  Naval,  putting  aboard  the  boat  at  Naval  and  freight  from  Naval 
to  Manila  would  be  about  37  pesos  per  short  ton. 

Owing  to  the  small  amount  of  available  sulphur,  the  process  of  extrac- 
tion adopted  would  have  to  be  one  requiring  the  least  expenditure  for 
plant  and  naturally  therefore  the  least  economical  in  extraction.  The 
construction  of  calcarone,  8  meters  in  diameter  and  2  meters  deep,  would 
cost  about  400  pesos,  but  the  loss  in  treatment  would  scarcely  be  less  than 
33  per  cent,  leaving  of  the  estimated  400  tons  of  sulphur  in  sight  only 
267  tons  of  refined  sulphur  available.  It  is  estimated  that  the  cost  of 
stripping,  transportation  to  calcarone,  charging,  and  smelting  would 
amount  to  about  3.37  pesos  per  ton  of  sulphur  produced,  or  about  900 
pesos  for  the  entire  amount  available.  This  sum  would  pay  for  the  hire 
of  one  foreman  at  3  pesos  and  six  laborers  at  75  centavos  per  day,  working 
for  four  months,  which  time  would  be  sufficient  if  operations  were  kept 
up  continuously  to  extract  the  entire  estimated  quantity  of  available 
sulphur. 

The  total  investment  would  then  be  approximately  as  follows: 

Pesos. 

Construction  of  calcarones 400.00 

Stripping  and  smelting  900.00 

Transportation  of  refined  sulphur  to  Manila 9,879.00 

Working  tools,  repairs  to  trails,  etc 600.00 

Total   11,779.00 

Total  value  of  the  product  at  the  rate  of  50 

pesos  per  ton  13,350.00 
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According  to  the  above  estimate,  therefore,  the  San  Antonio  solfatara 
could  be  exploited  at  a  profit  of  1,671  pesos,  a  margin  of  profit  probably 
too  small  to  interest  anyone  but  a  small  investor. 

CAMIGUIN   ISLAND    (NORTHERN). 

According  to  the  following  extract  from  a  report  by  Ferguson, 
transportation  is  likewise  the  chief  difficulty  in  connection  with 
the  Camiguin  Island  sulphur. 

The  principal  feature  of  the  economic  geology  of  Camiguin  is  its  sol- 
fatara on  the  west  flank  of  the  mountain  about  2  kilometers  from  the  sea. 
This  is  between  600  and  800  meters  in  length  and  perhaps  100  meters 
wide,  following  a  dry  stream  bed.  The  sulphur  is  very  fine  and  while 
of  course  the  depth  of  the  deposit  is  unknown  there  seems  to  be  a  con- 
siderable amount  of  it.  The  stream  vents  are  not  very  numerous  and 
there  is  no  troublesome  flow  of  hot  water.  A  solfatara  which  had  been 
worked  commercially  in  Iceland  had  a  smaller  surface  area  of  sulphur, 
less  favorable  topography  and  no  local  fuel  supply.  A  stream  of  scalding 
water  had  to  be  diverted  before  operations  could  be  begun,  work  could  only 
be  carried  on  during  a  part  of  the  year,  and  the  sulphur,  not  as  pure 
as  the  Camiguin  sulphur,  had  to  be  carried  by  ponies  a  three-days*  journey 
over  rough  mountain  trails  to  the  point  of  shipment  and  all  supplies 
carried  in  the  same  way.  It  was  this  last  item  which  caused  the  aban- 
donment of  the  Icelandic  sulphur.  If  test  pits  should  show  the  Camiguin 
deposit  large  enough  to  warrant  development,  there  is  abundant  wood-fuel 
at  hand  and  the  sulphur  could  be  purified  before  shipment.  It  would  only 
be  necessary  to  pack  the  sulphur  about  two  kilometers  to  the  beach  where 
it  could  be  sent  by  native  boat  to  Aparri  and  there  transshipped  (or  puri- 
fied there,  as  there  is  an  undeveloped  coal  deposit  not  far  up  the  Cagayan 
River)  or  else  it  could  be  carried  in  small  boats  to  Porto  San  Pio  V  where 
steamers  might  call.  The  chief  problem  would  be  labor,  as  it  is  doubtful 
if  the  natives  of  northern  Luzon  or  the  Batanes  could  be  induced  to  work 
on  Camaguin  Island.  The  isolated  situation  and  the  long  stormy  season 
are  also  drawbacks. 

Analysis  of  an  average  sample  of  this  sulphur  for  percentage  of  sul- 
phur and  the  two  impurities  which  can  not  be  freed,  arsenic  and  selenium, 
made  by  Reibling  of  this  bureau,  gave  the  following  results: 

Sulphur  81.6  per  cent. 

Arsenic    Trace  only. 

Selenium   None. 

I  am  informed  that  on  the  east  flank  of  the  mountain  there  is  another 
even  larger  solfatara,  but  I  was  not  able  to  visit  it. 

The  sulphur  of  Camiguin  deserves  investigation.  Test  pits  should  be 
sunk  to  bed  rock  to  ascertain  the  depth  of  the  deposit  in  the  known  solfa- 
taras  and  the  region  around  the  volcano  should  be  thoroughly  explored  in 
the  hope  of  discovering  new  deposits.  Native  information  can  not  be  de- 
pended upon  as  the  natives  have  a  superstitious  dread  of  the  mountain 

and  it  is  only  with  great  difficulty  that  they  can  be  induced  to  go  there. 
♦     ♦     ♦ 

POCDOL  MOUNTAINS,   SORSOGON. 

Sulphur  claims  have  been  staked  on  a  solfatara  well  toward 
the  summit  on  the  south  side  of  the  Pocdol  Mountains,  which 
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form  the  boundary  line  between  Albay  and  Sorsogon  Provinces 
in  southeastern  Luzon.  Samples  taken  from  the  surface  show 
sulphur  and  sulphates  impregnating  a  kaolinic  rock.  The  sul- 
phur content  is  46  per  cent  according  to  the  claim  locators,  and 
the  surface  extent  of  the  solfatara  is  several  hectares.  The 
deposit  is  convenient  to  the  port  of  Sorsogon  and  apparently 
merits  investigation. 

IFUGAO  SULPHUR. 

This  deposit  is  situated  on  the  slope  of  a  slide  near  Tukukan 
toward  Buguias.  Cox,  from  the  Bureau  of  Science,  has  been  to 
the  locality  and  reports  that  a  number  of  vents  give  off  sulphurous 
gases  from  which  sulphur  condenses  in  small  amounts.  The 
whole  slide,  which  consists  of  from  1,000  to  2,000  square  meters, 
is  covered  with  pumice,  more  or  less  impregnated  with  sulphur. 
Some  of  the  vents  are  protected  with  caps  of  pumice  from  under 
which  the  gases  escape.  From  underneath  these  one  can  usually 
collect  beautiful  yellow  crystals  of  practically  pure  sulphur,  sam- 
ples of  w^hich  were  brought  to  Manila.  This  probably  has  no 
export  value  because  of  the  high  cost  of  transportation,  but  it 
could  be  used  locally  for  disinfecting  purposes. 

MOUNT   APO. 

I  visited  this  locality  in  1908,  and  found  above  the  1,400- 
meter  elevation  half  a  dozen  or  more  fair-sized  gas-vents  about 
which  had  accumulated  small  mounds  of  nearly  pure  sulphur. 
Probably  there  are  between  500  and  1,000  tons  in  sight  on  the 
mountain,  and  probably  much  more  permeating  the  rocks.  How- 
ever, the  deposits  are  not  very  accessible,  as  it  is  a  difficult 
matter  to  climb  Mount  Apo,  about  two  full  days  being  required 
to  get  from  the  coast  to  the  sulfataras. 

TAAL    VOLCANO. 

There  are  some  small  sulphur  deposits  inside  the  crater  of 
Taal,  but  probably  not  extensive  enough  for  commercial  pur- 
poses. I  have  heard  this  locality  mentioned  several  times  as 
having  a  great  deal  of  sulphur;  most  of  the  yellow  stains  on 
the  rocks  about  Taal  crater  are  not  sulphur  stains,  but  are  due 
to  a  large  amount  of  iron  salts. 


PORTLAND  CEMENT  MANUP^ACTURE  IN  THE 
PHILIPPINE  ISLANDS. 


By  Wallace  E.  Pratt. 


The  general  interest  in  the  possibiHty  of  the  manufacture  of 
Portland  cement  in  the  Philippines,  as  shown  by  the  reported 
organization  in  Manila  of  a  company  for  the  purpose  of  cement 
manufacture,  has  led  to  the  publication  of  this  report  of  observa- 
tions made  during  a  recent  study  of  the  most  promising  localities 
containing  possible  raw  materials.  Cox  '  has  already  published 
two  articles  on  cement  materials  dealing  with  the  chemical 
character  of  a  number  of  typical  shales  and  limestones  and  his 
data  have  been  referred  to  and  drawn  upon  freely  in  this  paper. 

CONCERNING    AVAILABLE    MARKETS. 

Before  discussing  the  local  conditions  which  would  govern 
the  location  and  operation  of  a  cement  mill  in  the  Philippine 
Islands,  it  is  important  first  to  consider  the  possible  market  for 
the  output  of  such  a  plant.  To  one  acquainted  with  the  cement 
market  of  the  countries  adjacent  to  the  Philippine  Islands  it  is 
apparent  that  a  local  company  would  be  unwise  to  rely  upon 
successful  competition  in  any  other  than  the  Philippine  market. 
Japan,  China,  Hongkong,  and  French  and  British  East  India  all 
have  cement  plants  with  established  markets  and  the  further 
advantage  of  cheaper  fuel  and  cheaper  labor  than  can  be  had 
at  present  in  the  Philippines.  Therefore,  the  local  consumption 
is  a  consideration  of  primary  importance. 

During  the  calendar  year  1911,  the  Philippine  Islands  im- 
ported 382,700  barrels  of  Portland  cement,  according  to  the 
records  of  the  Insular  Collector  of  Customs.  The  following 
table  based  on  the  Annual  Reports  of  the  Insular  Collector  of 
Customs  shows  the  quantities  of  cement  imported  during  each 
fiscal  year  since  1907,  the  invoice  value  of  the  cement,  and  the 
countries  from  which  the  importations  came. 

'Philippine  Raw  Cement  Materials.  PhiL  Journ.  ScL,  Sec.  A  (1909), 
4,  211. 

Volcanic  Tuff  as  a  Construction  and  Cement  Material.  Ibid.  (1908), 
3,  391. 
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Table  I. — Quantity,  origin,  and  average  coat,  exclusive  of  import  duty  on 
board  ship  at  destination,  of  all  cemeyits  imported  into  the  Philippine 
Islands  from  July  1,  1906,  to  June  SO,  1911, 


Imports  from- 


Unite<l  States 
United  Kin^om 
Germany  . .  - 

France     

Italy 

Belfirium . 

Netherlands 

Russia . 

British  East  India 
French  East  India 
HontrkonKT 

Japan    

Austria- Hungary 

Spain       

China 


Total 
Averafire  cost 
Special  entries  <i 

Grand  total 


Fiscal  year 
1907. 


Fiscal  year 

1908. 


Fiscal  year 
1909. 


Fiscal  year 
1910. 


Fiscal  year 
1911. 


^f"     CosUb     ^i*'*'    Costs  b     ^y\   Costs  »>     ^*""    Costs  b    ^'•-     CoiUb 
rels.«     ^^^^^      rels.»    "^^^^^      rels.*   ^^^"'^»      rel8.>    ^"»*^"   ,  rels.*    j^^^"» 


f  107,  (KX)  ' 


107. <XM) 


5.50 


375 
11.120 

448 

8.460 
812 


6.50 
4.58 
3.90 
4.00 
2.98 

6.19 


216 

7,670 

13.375 

100  ; 

6.iK0i 
5(»! 

2.310: 
320 


2.66 
8.33 
4.06 
3.40 

l.TO 
2.(J6 
6.18 
4.41 


i  135,000      4.28     107.100,    3.57 


50.600 
518 

16.230 
135 

2.920 

730  j 
15  I 

37.500  I 
128.300 


60 

i 

2. 76    1.750 

3.27  ;   1.970 

90 
2.640 

156.256 

j 

116.000  1 

.   139.260 
4. 24 

110.500 

■  240,648 
3.  55 

25.730 

272.256  1 

249.760, 

266.378 

4.72  :   38.250 

3.03  i     4.030 

3.79  8.670 

3.78  10 


5.20 
4.80 
3.1? 
3.29 
4.02 

3.78 
3.15 


3.46 


522 

9 

69.600 

212.4(K) 

3.192 

30 

1.612 

340.475 

28,950 

369.425 


4.80 
3.89 
8.90 
2.28 


2.03       2.160        2.00 


3.91 
4.22 
S.S8 
3.32 
4.00 
4.48 

3.  38 


3.51 


"  Barrels  of  400  pounds  (181  kilograms).  Rross  weight. 
'•  Invoice  cost  in  pesos.  Philippine  currency,  per  l>arrel. 
*"  Approximate. 

^  Free   entries    for   Manila    Railway,    Philippine    Railws 
Governments. 


y.    and    Uniteii    States    and    Insula 


The  import  duty  of  32  centavos  per  100  kilograms  gross 
weight  (about  59  centavos  per  barrel),  landing  charges,  and 
importers*  profit  make  the  local  market  price  from  4.50  to  5.50 
pesos  per  barrel.  Cement  from  the  United  States  enters  duty 
free,  but  the  long  transportation  necessary  to  put  it  on  the  Phil- 
ippine market  has  kept  down  the  importation  of  American 
cement. 

The  present  consumption  of  Portland  cement  would  not  justify 
the  erection  of  a  plant  of  greater  daily  capacity  than  1,000  to 
1,500  barrels.  Although  the  consumption  will  presumably  con- 
tinue to  increase,  it  is  probable  that  the  average  unit  value  of 
the  cement  will  be  lowered,  especially  in  the  event  of  competi- 
tion from  within  the  Islands.  A  plant  in  the  Philippines  must 
be  able  to  manufacture  at  a  cost  well  below  the  present  marlcet 
prices  if  it  is  to  succeed  financially. 

CONCERNING    THE    PROBABLE    COST    OF    CEMENT    MANUFACTURE    IN 

THE  PHILIPPINES. 

Several  of  the  more  important  factors  which  enter  into  the 
cost  of  Portland  cement  will  tend  to  make  manufacture  in  the 
Philippines,  under  the  existing  conditions,  an  expensive  opera- 
tion. At  the  present  market  price  of  coal,  for  instance,  fuel 
for  power  and  for  kilns  in  a  local  mill  would  cost  1.00  to  1.50 
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pesos  per  barrel  of  finished  cement.  The  corresponding  figure 
for  small  mills  in  average  American  practice  is  45  centavos  to  50 
centavos.  The  stringent  specifications  in  force  in  the  Philippines 
require  a  superior,  hard  burned,  finely  ground  cement.  The  man- 
ufacture of  such  a  cement  is  relatively  expensive.  Labor  in  the 
Philippines  is  more  expensive  than  in  the  adjacent  countries 
where  most  of  the  competition  would  arise.  Gypsum  for  retarder 
must  be  imported,  and,  while  a  small  item  in  itself,  it  would  add 
to  the  expense  of  manufacture. 

Barrels  for  packing  cement  could  probably  be  manufactured 
in  the  Philippines.  Dr.  F.  W.  Foxworthy  of  the  Bureau  of 
Forestry  has  suggested  that  some  of  the  various  grades  of  lauan 
could  be  used  as  a  wood  for  slack  cooperage.  Judging  from  past 
experience,  it  would  not  be  feasible  to  pack  in  bags  cement  in- 
tended for  use  in  the  Philippines.  In  spite  of  the  possibility  of 
their  local  manufacture,  barrels  for  packing  will  probably  be 
expensive. 

In  the  face  of  these  necessarily  high  costs,  it  is  imperative 
that  other  items  of  expense  be  made  lower  than  normal  if  cement 
is  to  be  manufactured  at  an  average  cost.  Quarrying,  grinding, 
mixing,  transportation,  and  marketing  must  be  accomplished  at 
a  minimum  cost.  The  physical  and  chemical  characters  of  raw 
materials  and  the  location  of  the  mill  with  respect  to  markets 
and  raw  materials  are  consequently  of  more  than  usual  im- 
portance. A  favorable  site  under  the  circumstances  would  entail 
harbor  or  railroad  facilities  (or  both),  located  centrally  with 
respect  to  the  general  market,  and  soft,  naturally  blended  raw 
materials  adjacent  to  the  mill  itself.  If  in  addition  to  these 
favorable  features  a  cement  company  has  access  to  one  of  the 
fields  of  the  better  grades  of  Philippine  coal  so  that  by  develop- 
ing the  coal  it  could  reduce  fuel  costs,  the  prospect  would  ap- 
parently be  favorable. 

The  importance  of  the  conditions  which  have  been  suggested 
in  their  application  to  the  Philippine  field,  will  be  brought  out 
in  the  discussions  of  several  of  the  localities  which  have  been 
considered  in  connection  with  cement  manufacture. 

An  estimate  of  the  probable  cost  of  local  manufacture  of  Port- 
land cement  is  inserted  at  this  point  (Table  II)  for  consideration 
with  the  market  prices  just  quoted.  The  estimates  are  liberal 
and  the  costs  submitted  could  probably  be  reduced  once  the  man- 
ufacture and  market  were  thoroughly  established.  These  esti- 
mates are  based  on  reliable  figures  ^  for  costs  at  small  mills  in 


'  Eckel,  Edwin  C,  Cements,  Limes  and  Plasters  (1909),  554. 
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average  American  practice.  They  are  intended  to  apply  to 
manufacture  at  the  most  favorable  of  the  possible  Philippine 
locations  described  later  in  this  report,  and  assume  the  following 
conditions:  (1)  A  modern  dry  process  mill  of  1,000  barrels  daily 
capacity,  costing  between  800,000  and  1,100,000  pesos;  a  mill  site 
with  harbor  facilities,  located  centrally  as  to  markets,  and  ad- 
jacent to  one  of  the  better  fields  of  Philippine  coal;  (2)  an 
abundant  supply  of  uniform  raw  materials  partly  blended  by 
nature,  of  desirable  chemical  and  physical  character,  soft  and 
dry  so  as  to  be  cheaply  quarried,  and  available  at  the  mill  site 
without  transportation ;  gypsum  for  retarder  to  be  imported ;  (3) 
two  estimates,  one  assuming  the  use  of  superior  local  coal  at 
5  pesos  per  ton,  and  one  assuming  the  use  of  Australian  or  Jap- 
anese coal  at  10  pesos  per  ton ;  (4)  sufficient  native  labor  at  60  to 
80  centavos  per  day  per  man;  (5)  supplies  25  per  cent  to  30  per 
cent  higher  than  in  average  American  practice;  (6)  office  and 
laboratory  expense,  about  25  per  cent  higher  than  in  average 
American  practice;  administration  and  sales  expense,  20  per 
cent  higher  than  in  average  American  practice;  (8)  interest, 
depreciation,  sinking  fund,  etc.,  about  30  per  cent  higher  than 
in  average  American  practice.  The  cost  of  barrels  for  packing 
is  not  included  in  the  tabulated  estimates.  The  fuel  items  allow 
110  kilograms  of  Australian  coal,  or  160  kilograms  of  Philippine 
coal  per  barrel  of  finished  cement.  The  high  estimated  costs 
for  skilled  men,  administration,  interest,  depreciation,  etc.,  are 
believed  to  be  justified  by  the  local  conditions. 

Table  II. — Cost  of  manufdcture  in  pesos,  Pkilippine  currency ,  per  barrel 
of  cement   (172  kilograms  net). 


Items. 


Peso*. 
0.11 
0.04 

0.80 
1.10 
0.24 
0. 39 
Oflice  and  laboratory i      0.13 


Raw  materials  (cement  rock  and  clay) . 

Gypsum  (retarder) 

Fuel: 

Philippine  coal 

Australian  or  Japanese  coal 

Labor 

Supplies . 


Cost. 


Items. 


Administration  and  sales  .     . 

Interest  on  cost  of  plant  . -  - 

Depreciation  and  sinking:  fund 

Total  usinfc  Philippine  coal    

Total  \xait\g  Japanese  or  Australian 
coal - .   - 


Cost. 


Penoa. 

0.20 
0.21 
0.24 

2.36 

2.66 


Barrels  for  packing  would  probably  cost  at  least  60  centavos 
each,  so  that  the  margin  between  the  average  cost  in  1911  (in- 
cluding duty)  to  the  importer  and  the  estimated  cost  of  local 
manufacture,  plus  the  cost  of  barrels  for  packing,  would  be  84 
centavos  or  1.14  pesos  per  barrel  depending  on  the  fuel  used  in 
the  Philippine  plant.  This  margin  must  cover  freight  charges 
on  cement  to  market  and  manufacturer's  profit. 
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RAW  MATERIALS. 

The  available  materials  which  are  more  or  less  suitable  for 
use  in  the  manufacture  of  Portland  cement  are  widely  dis- 
tributed. The  calcareous  materials  include  pure,  hard  lime- 
stones, argillaceous  limestones,  and  marl  or  chalk.  The  argil- 
laceous materials  include  shales,  residual  and  transported  clays, 
volcanic  tuff,  and  a  siliceous  material  of  less  general  occurrence 
which  is  referred  to  in  this  report  as  gray-wacke. 

CALCAREOUS   MATERIALS. 

The  most  generally  distributed  calcareous  material  is  a  lime- 
stone of  Miocene  age  which  is  usually  associated  with  shales  and 
sandstones  and  occurs  abundantly  on  nearly  every  one  of  the 
larger  islands.  This  massive  limestone  is  often  of  coralline 
origin  but  is  always  hard  and  crystalline,  approaching  marble 
in  character.  It  has  been  subjected  to  strong  metamorphic  in- 
fluence and  is  found  usually  in  mountainous  districts.  Dr.  A. 
J.  Cox  has  analyzed  a  number  of  samples  of  this  limestone  from 
different  localities  and  has  shown  it  to  be  constant  in  composi- 
tion and  singularly  pure.  Analyses  1,  2,  and  3  in  Table  III  are 
representative. 

Coralline  limestone  of  Pleistocene  or  Pliocene  age  occurs  abun- 
dantly, especially  throughout  the  Visayan  Islands.  At  many 
places  this  material  occurs  as  raised  portions  of  reefs  which  are 
still  growing  in  the  adjacent  seas.  Usually  this  coral  formation 
is  a  moderately  soft,  rather  pure  limestone  which  retains  al- 
most perfectly  its  original  coralline  structure.  The  composi- 
tion of  such  material  is  partially  shown  in  analyses  4  and  5, 
Table  III.  Typical  coralline  material  is  also  found,  alternating 
with  beds  of  marl.  Analysis  15,  Table  III,  is  from  a  3-meter  bed 
of  marl  occurring  in  a  coralline  limestone  series  at  Argao,  Cebu. 
At  other  places  the  growth  of  the  corals  has  apparently  been 
locally  irregular,  and  only  traces  of  coral  are  encountered. 
Rounded  and  angular  fragments  of  coral  with  marine  shells,  in 
a  matrix  of  soft,  clayey  marl,  make  up  terraces  which  are  very 
extensively  developed  along  the  present  coast  lines  of  some  of 
the  coralline  islands.  These  terraces  appear  to  be  marginal 
formations  and  grade  imperceptibly  into  the  older,  higher  reefs 
farther  inland.  At  Naga,  Cebu,  this  coralliferous  marl  (as  it 
may  be  designated)  covers  several  square  kilometers  in  a  terrace 
30  to  50  meters  high  and  borders  coralline  limestone  which  rises 
to  an  elevation  of  more  than  350  meters.  The  composition  of 
the  Naga  material  is  shown  in  analyses  6  to  14  inclusive.  Table 
III.  It  approaches  closely  a  typical  raw  cement  mixture  in  com- 
position and  would  readily  be  classed  as  a  cement  rock. 
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Sampling  (by  drilling)  and  analysis  have  shown  uniform 
material  in  quantities  sufficient  to  supply  cement  rock  for 
30,000,000  barrels  of  cement.  The  silica-alumina  ratio  is  high 
and  there  is  a  large  proportion  of  iron  to  alumina,  characteristics 
generally  thought  to  be  desirable  in  (iements  for  construction  in 
sea  water. 

Another  class  of  marl  has  been  noted  at  several  places,  but 
has  been  studied  only  in  Zambales  and  Pangasinan  Provinces. 
This  marl  is  usually  thin  bedded  and  occurs  in  a  sedimentary 
series.  It  is  soft,  fine-grained,  and  similar  in  composition  to  the 
Cebu  marls. 

An  argillaceous  limestone  is  exposed  in  the  bed  of  the  Danao 
River  near  the  Camansi  Mine,  in  Cebu,  and  a  similar  lime- 
stone occurs  east  of  Angat  in  Bulacan  Province.  These  lime- 
stones are  hard  and  fine  grained.  The  Cebu  exposure  shows  a 
blue  to  gray,  bedded  limestone,  apparently  in  conformable  strat- 
ification with  the  Miocene  coal-bearing  series.  Smith  '  mapped 
this  formation  and  found  it  to  be  of  considerable  extent.     It 

Table  III. — Analyses  of  calcareous  raw   materials  for  cement. 


, 

Iron 

Magne- 

Alkalien 

Si02. 

Sample  No. 

,     Silica 
(Si02). 

Alumina      ^\:;,i„ 

Lime 
(CaO). 

sia 
(MkO). 

(Na20 
K2O). 

Iv«>8H  on 
ijcnition. 

AL'0."« 

Fe2  0,s. 

1« 

0.  m 

0.18 

55. 62 

0.00 

43.  93 

2«        .    .      . 

0.  10 

0.17 

55.2:i 

0.45 

43.  80 

3». 

0.97 

0.  56 

0.36 

6.3.86 

0.19 

43.  18 

4b 

i.:u 

3.90 

52. 01 

0.6:^ 

fib 

2  61 

2  2.3 

52.86 

0.88 

6b- 

6.28 

4.33 

! 

45.76 

2.70 

7b 

11.12 

4.28 

45.  65 

2.6 

8b.. 

14.  10 

5.77 

43.  27 

2.4 

yb 

11.57 

4.62 

46. 25 

2.5 

lOb 

12.62 

5. 75 

4:i.  36 

2.2 

11'- 

y.4:i 

4.02 

47.  53 

2.3 

12  e - 

10. 28 

0.  6:i 

3.28 

45.96 

2.9 

13  «• 

8.37 

0.22 

3.25 

49.84 

'l.(r2 

2.4 

14  c  . 

11.99 
8.  93 

0.67 
6.45 

2.90  j 

45.69 
44.35 

"2.'70 

3.5 

15  b 

1.4 

16«    .           . 

29.  (K) 

11.38  ! 

5.36 

26.25 

0.66 

1.98 

23.00 

1.7 

17« 

24.02 

7.49  ; 

2.00  i 

33.88 

2.12 

28. 25 

2.6 

"  Cox,  Alvin  J.,  Philippine  Raw  Cement  Materials,  Phil,  Journ.  Sci.,  Srr.  A    (1909),  4,  211. 
''  Analyzed  by  Forrest  B.  Beyer,  Bureau  of  Science. 
'  Analyzed  by  T.  Dar  Juan.  Bureau  of  Science. 

1.  Miocene  limestone  from  Mount  Licos  near  Camansi  Coal  Mine,  Danao,  Cebu. 

2.  Miocene  limestone  (Marble)   Romblon,  Capiz. 

3.  Miocene  limestone  Batan,  Albay. 

4.  Coralline  limestone   (Pliocene)   Cebu,  Cebu. 

5.  Coralline  limestone  (Pliocene)   Danao.  Cebu. 

6.  Coralline  limestone   (Pliocene)   Guimaras  Island. 

7-14.  Coralline  marl   (Pliocene)   Nasa,  Cebu.    Analyses  typical  of  a  series  of  test  hole  samples 
representative  of  a  thickness  of  about  16  to  30  meters  over  an  area  of  al)out  15  hectares. 
15.  Betlde<l  marl  or  chalk   (Pliocene)   Argao,  Cebu. 
16,  17.  Argillaceous  limestone  (Miocene)  from  near  Camansi  Coal  Mine,  Danao,  Cebu. 


'  The  Geologry  of  the  Compostela-Danao  Coal   Field.     Phil.  Journ.  ScL, 
Sec.  A   (1907),  2,  377. 
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lies  about  10  kilometers  inland  from  Danao.  The  chemical 
composition  of  this  material  is  shown  by  analyses  16  and  17, 
Table  III. 

Table  III  shows  the  relative  proportions  of  the  essential  con- 
stituents of  the  calcareous  materials.  In  addition  it  may  be 
stated  that  magnesia,  alkalies,  and  sulphur  trioxide  are  rarely 
abundant  enough  to  demand  consideration. 

ARGILLACEOUS   MATERIALS. 

Shales  make  up  the  greater  part  of  the  series  of  sedimentary 
rocks  with  which  coal  is  associated  in  the  Philippines  and  are  to 
be  found  very  generally  over  the  Islands.  They  are  typically 
thin-bedded  and  of  nonuniform  chemical  and  physical  character. 

Ordinarily  the  beds  carry  a  considerable  proportion  of  sand 
composed  mainly  of  feldspathic  and  ferromagnesian  grains,  but 
locally  the  sand  content  is  lacking  and  the  material  is  very  fine- 
grained. Sandy  and  fine-grained  shales  often  occur  alternately 
in  very  thin  strata.  The  shales  are  generally  folded,  or  tilted 
from  their  normal  horizontal  position,  so  that  to  follow  any 
particular  bed  would  ultimately  involve  a  mining  operation  in 
many  localities.  In  Table  IV  are  partial  analyses  of  a  number 
of  shales  from  different  parts  of  the  Archipelago.  The  striking 
feature  of  these  analyses  is  the  uniformly  low  silica-alumina 
ratio.  Since  it  is  a  general  statement  that  the  alumina  plus  the 
iron  oxide  in  a  desirable  raw  mixture  should  amount  to  less  than 
half  of  the  total  percentage  of  silica,  and  the  best  recent  practice 
is  tending  toward  an  even  higher  silica-alumina  ratio,  it  would 
be  inadvisable  to  attempt  to  use  these  low  silica  shales  with  the 
pure  limestone  which  is  commonly  most  available  for  combina- 
tion with  them. 

From  the  analyses  which  have  been  performed  on  Philippine 
shales  and  a  study  of  these  materials  in  the  field,  it  is  concluded 
that  the  low  silica  content  is  a  general  characteristic  except 
when  the  material  is  very  sandy  or  where  the  composition  has 
been  modified  by  metamorphic  influences.  A  general  low  silica 
content  in  these  shales  could  be  explained  on  the  assumption 
that  the  former  land  area  from  which  they  were  derived  was 
made  up  largely  of  basic  igneous  rocks  similar  in  composition  to 
those  which  occur  abundantly  in  the  older  portions  of  the  present 
island  masses.  The  possibility  of  a  low  silica  content  in  the 
shales  as  a  general  feature  is  important  in  this  connection  since 
it  tends  to  make  the  pure  limestones  occurring  in  many  of  the 
coal  fields  less  available  for  use  as  a  cement  material. 

The  residual  and  transported  clays  in  the  Philippines  are  all 
of  recent  age  and  result  from  the  disintegration  of  rock  in  place 
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on  the  present  land  surface  and  erosion  by  modem  drainage 
systems,  respectively.  With  both  types  of  clay  the  physical  and 
chemical  properties  vary  greatly,  depending  on  the  character 
of  the  parent  material.  The  low  silica-alumina  ratio  which  is 
shown  by  the  shales  is  found  very  often  in  the  clays,  and  generally 
neither  type  of  clay  is  uniformly  fine-grained.  The  residual 
clays  contain  fragments  of  partially  disintegrated  rock,  while 
the  transported  clays,  having  been  deposited  generally  by  short 
rivers  whose  flow  and  consequent  sediment-carrying  capacity 
varies  greatly  and  rapidly,  consist  of  irregularly-sized  particles. 
The  compositions  of  residual  and  transported  clay  appear  in 
analyses  10  to  14  inclusive,  Table  IV. 

The  andesitic  tuff*,  which  occurs  in  the  vicinity  of  Manila  and 
throughout  southwestern  Luzon,  has  been  shown  by  Cox  *  to 
contain  a  proper  silica-alumina  ratio  for  a  Portland  cement 
mixture.  Chemically  it  is  quite  suitable  for  combination  with  a 
pure  limestone,  but  in  its  physical  character  the  tuff"  presents 
some  undesirable  features.  It  is  a  fragmental  material  laid 
down  in  recent  geologic  times  and  frequently  contains  a  con- 
siderable proportion  of  scoria,  pumice,  angular  pieces  of  rock, 
etc.  At  a  number  of  places  where  it  has  been  observed,  it  would 
apparently  be  a  rather  difficult  matter  to  obtain  a  sufficiently 
uniform  quarry  product.  Clays  which  result  from  the  erosion 
of  this  tuff  are  low  in  silica.  Analysis  16,  Table  IV,  is  repre- 
sentative of  the  volcanic  tuff  in  the  vicinity  of  Manila. 

The  siliceous  raw  cement  materials  available  in  the  Philip- 
pines include  schists,  gray-wackes,  and  a  fine  grained  siliceous 
rock  which  is  probably  a  rhyolite.^  The  schist  is  usually  quart- 
zose,  a  quality  which  with  its  tough,  scaly  structure  would  make 
it  difficult  to  grind  and  burn.  The  known  schists  are  too  siliceous 
to  be  used  except  in  very  small  proportions. 

The  gray-wackes  occur  in  the  Cordilleras  of  several  of  the 
islands,  but  are  best  known  on  the  Island  of  Cebu  where  they 
flank  an  andesitic  rock  which  forms  the  core  of  a  comparatively 
high  ridge  along  the  southeast  coast.  The  rhyolite  occurs  in 
Cebu  associated  with  other  igneous  rocks  in  the  cordilleran 
regions.  Both  the  rhyolite  and  the  gray-wacke  are  very  fine- 
grained, gray  to  white,  and  moderately  hard.  The  gray-wacke 
is  made  up  mainly  of  fragments  of  plagioclase  feldspar  crystals, 
in  a  cement  which  is  probably  silica.  Either  of  the  materials 
is  suited  physically  for  use  as  a  raw  cement  material.  Their 
chemical  compositions  are  shown  in  analyses  18  to  21  inclusive. 
Table  IV. 


*Loc.  cit.  'Phil  Joum,  Set,,  Sec.  A   (1907),  2,  407. 
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Summarizing  briefly  the  discussion  of  the  available  raw  mate- 
rials, it  appears  that  the  Miocene  limestone,  which  is  most  widely 
distributed,  loses  importance  as  a  cement  material  because  of 
the  general  lack  of  an  argillaceous  base  sufficiently  siliceous  to 
be  used  with  it,  and  because  the  limestone  is  usually  found  in 
the  mountainous  districts  where  transportation  is  difficult.  The 
coralliferous  marls  on  the  other  hand  are  important  because  of 
their  chemical  composition,  their  abundance,  physical  character, 
and  their  occurrence  along  sea  coasts  where  transportation  is 
more  feasible.  Nearly  all  the  raw  materials  show  remarkably 
low  magnesia  content  and  no  other  chemically  objectionable 
elements. 

Table  IV. — Analysis  of  argillaceous  raw  material  for  Portland  cement. 


Sample 
No. 


Silica 

(Si02). 


Alumina 
(AI2O3). 


1«  -     .     ..  35.02 

2b !  62.84 

3b .1  46.31 

4b  51.88 

5b I  55.97  I 

6«  ._  53.25  ' 

7d 33.74 

8d 37.84  I 

9d I  49.08  I 

lOe    _  I  47.77  i 

II* -I  50.81  I 

12«    I  52.83  I 

13*  --.  60.17  ■ 

14  _  60.50 

15d  .,  I  37.13  I 

16f...  59.27' 

17*  -  '  80.12  i 

18b  .  68.10 

19b 66.14  I 

20b  '  69.16  ' 

2U 76.15 


13.98 


Iron 

oxide 

(Fe208). 


Lime 
(CaO). 


Maernesia       Alkalies       I  Loss  on 
(M^O).    (Na20     K20).|  igrnltion.  AI2O3  i  Fe203 


28.50 
28.68 
26.13 
30.09 

24.11     ' 
16.48 
21.07 
27. 23 

18.73c  I 

20.54     i 

21.01c  I 

22.66 

26.50 
20.04 

17.06    1 

12.56 

14.50     ! 

12.75    i 
14.06 

14.93    I 


.98 : 


!.84  : 
.82  ' 


1.97  i 
3.  10 


17.50  I 


7.19  I 
7.37  ! 
8.40  ' 
4.66  i 


5.06  ! 
1.15  j 
2.70  I 
0.96 

0.27  i 


1.78  ' 
0.91  I 
4.04  I 
0.31  I 
2.00 


3.37  I 
0.12  I 
3.07  ' 
3.43  I 

i.40  I 


1.24 


22 

8.72 

06 

"i.'86' 

13.  84 

05  ,       _ 

8.14 

58 

2.68 

9.08 

85  1..... 

1 

6.35 

8.45 

52  ' 

6.12" 

6.42 

48  , 

3.69 

1.94 

94 

53    -     . 

•»  Cox,  Philippine  Raw  Cement  Materials,  loc.  cit. 

'»  Analyzed  by  Dar  Juan. 

'■  Includes  titanium  oxide  (TiOg). 

''  Analyzed  by  Beyer. 

"  Cox,  Phil.  Journ.  Sci..  Sec.  A    (1907).  2,  413. 

'  Cox,  Volcanic  Tuff  as  a  Construction  and  a  Cement  Material,  lov 

«  FerpTuson,  loc.  cit. 


1.8 
1.9 
1.6 
2.0 
1.9 
1.6 
2.0 
1.8 
1.8 
1.8 
1.8 
1.8 
2.2 
2.3 
1.9 
2.7 
5.8 
4.0 
4.8 
4.9 
5. 0 


1. 

2-5. 

6. 

7. 


10. 
11. 
12. 
18. 
14. 

15. 

16. 

17. 

18-20. 


21. 


Shale  from  Batan  Island. 

Shale  from  Batan  Island.    Samples  from  drilled  test  holes. 

Shale  from  near  Camansi  Coal  Mine,  Danao,  Cebu. 

Shale  from  near  Camansi  Coal  Mine,  Danao,  Cebu. 

Shale  from  Tijrbauan,  lloilo. 

Shale  from  Catain^ran,  Masbate. 

Alluvial  Clay  from  Malinta,  Bulacan. 

Clay  from  Binangonan.  Rizal. 

Alluvial  Clay  from  Pasig  River  near  Manila. 

Clay  from  near  Camansi  Coal  Mine,  Danao,  Cebu. 

Alluvial    Clay    from    Pandan    River,    Naga,    Cebu.    Representative    of    drilled    test    hole 

samples. 
Alluvial  clay  from  Mangrove  Swamp  Loay  Bohol.    Sample  from  drilled  hole. 
Volcanic  Tuff.    From  vicinity  of  Manila. 
Schist  from  Romblon.  » 

Gray-wacke,  Nagra,  Cebu.    Typical  of  .a  series  of  samples  from  drilled  test  holes  over  an 

area  of  16  hectares. 
Rhyolite  from  Cebu. 
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CONCERNING  POSSIBLE  MANUFACTURING  CENTERS. 

Other  things  being  equal,  market  and  transportation  con- 
siderations would  make  Manila,  the  chief  supply  and  distributing 
point  for  the  Islands,  or  one  of  the  secondary  but  more  centrally 
located  ports,  such  as  Cebu  or  Iloilo,  the  most  feasible  site  for  a 
local  cement  plant.  If  any  of  these  central  localities  possesses 
suitable  raw  materials,  then  a  location  away  from  the  main  lines 
of  commerce  and  distant  from  the  geographical  and  commercial 
center  of  the  Archipelago  would  be  considered  only  in  case  it 
offered  unusual  advantage  in  the  excellence  of  raw  materials, 
harbor  facilities,  or  more  particularly,  if  it  gave  reasonable 
promise  of  a  local  supply  of  suitable  fuel. 

Localities,  each  of  which  present  in  some  degree  the  charac- 
teristics essential  to  a  cement  manufacturing  site,  are  to  be 
discussed  briefly.  Their  relative  situation  is  shown  on  the  min- 
eral locality  map  on  page  9. 

1.  Island  of  Cebu. 

2.  Vicinity  of  Manila. 

3.  Island  of  Batan,  Albay  Province. 

4.  Island  of  Masbate,  Sorsogon  Province. 

5.  Island  of  Polillo,  Tayabas  Province. 

6.  Vicinity  of  Bani,  Panjfasinan  Province. 

7.  Island  of  Romblon,  Capiz  Province. 

8.  Vicinity  of  Balayan,  Batanj^as  Province. 

9.  Vicinity  of  Iloilo,  Iloilo  Province. 
10.  Vicinity  of  Loay,  Bohol  Province. 

There  are  other  localities  several  of  which  are  probably  as 
worthy  of  description  as  some  that  have  been  included  in  the 
foregoing  list,  but,  as  far  as  is  known,  they  are  not  important 
possible  locations.  The  above  localities  will  be  considered  briefly 
in  reverse  order. 

Vicinity  of  Loay,  Bohol. — The  town  of  Loay,  Bohol,  is  con- 
sidered chiefly  because  in  combination  with  possible  materials 
and  a  central  location  (with  respect  to  the  island  group)  it  offers 
natural  water  power  facilities.  Rough  estimates  show  that  the 
Loay  River  would  aff'ord  power  for  a  cement  mill  of  moderate 
capacity.  Water  power  should  reduce  the  fuel  consumption  of 
a  plant  by  30  to  40  per  cent  and  is  thus  a  considerable  asset. 
The  town  is  located  on  the  Pliocene  coral  formation,  which  at 
this  point  is  too  pure  to  be  used  alone  for  a  cement  raw  mixture 
and  no  suitable  clay  or  argillaceous  material  is  available  for 
combination  with  it.  Labor  conditions  would  probably  not  be 
satisfactory  and  there  is  no  coal  closer  than  the  Cebu  field. 

Vicinity  of  Iloilo,  Iloilo, — The  harbor  at  Iloilo  is  the  principal 
advantage  of  this  proposed  location.  The  Island  of  Guimaras 
lying  just  outside  the  port  of  Iloilo  consists  largely  of  raised  coral 
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reefs.  These  have  shown  some  irregularity  in  composition,  with 
an  unusually  large  proportion  of  magnesia  (analysis  6,  Table  III) . 
No  argillaceous  material  is  available  on  Guimaras  Island,  and 
the  adjacent  mainland  of  Panay  affords  only  a  low-silica  alluvial 
clay.  The  magnesia  content  of  the  limestone  is  not  prohibitive 
and  the  material  carries  more  or  less  silica,  alumina,  and  iron 
oxide.  Further  testing  might  show  limestone  with  a  silica- 
alumina  ratio  which  make  it  suitable  to  be  used  with  the  clay 
at  Iloilo.     Iloilo  Province  has  no  important  coal  resources. 

Vicinity  of  Balayan,  Batangas, — At  Balayan  in  the  south- 
western part  of  Batangas  Province,  coralline  limestone,  probably 
of  the  Miocene  type,  is  found  adjacent  to  volcanic  tuff.  There 
is  no  suitable  harbor  near  Balayan  and  no  coal  is  known  in 
Batangas  Province.  The  materials  are  similar  to  those  in  the 
vicinity  of  Manila,  and  since  Manila  offers  a  number  of  other 
advantages  that  are  lacking  at  Balayan,  this  place  needs  no  fur- 
ther consideration  at  the  present  time. 

Romblon,  Capiz  Province. — Romblon  occupies  a  position  near 
the  geographical  center  of  the  Archipelago  and  has  an  excellent 
harbor.  Several  years  ago  preliminary  steps  were  taken  toward 
manufacturing  Portland  cement  at  Romblon.  The  prospectus 
of  the  company  which  was  organized  states  that  the  marble  and 
schist  which  occur  near  the  harbor  at  Romblon  were  to  be  used 
as  raw  materials.  The  analyses  of  these  two  materials  appear 
in  Tables  III  and  IV,  and  their  undesirability  from  a  chemical 
standpoint  is  at  once  evident.  The  high  silica  content  which 
would  necessarily  result  from  such  a  mixture  would  cause  dif- 
ficulty in  burning.  The  schist,  moreover,  is  unfitted  by  its 
physical  nature  for  use  as  a  cement  material.  Romblon  would 
be  obliged  to  depend  on  the  general  market  for  coal. 

Bani,  Pangasinan  Province. — Fanning^  found  unusually  desir- 
able cement  materials  near  Bani,  in  northwestern  Pangasinan. 
He  describes  marls  and  shales  with  very  satisfactory  chemical 
and  physical  properties,  in  quantities  and  relations  suitable  for 
quarrying.  The  raw  materials  are  at  a  distance  of  about  30 
kilometers  from  Sual,  Pangasinan,  where  harbor  facilities  are 
available.     No  coal  of  economic  importance  occurs  in  the  district. 

Island  of  Polillo,  Tayabas  Province.^ — On  Polillo  Island  off  the 
east  coast  of  Luzon  is  a  coal  field  which  contains  an  excellent 
sub-bituminous  coal.  With  the  coal  are  associated  shales,  sand- 
stones, and  limestones.     While  it  is  probable  that  these  shales 

•  Geological  Reconnaissance  of  Northern  Pangasinan  Province.  Phil. 
Joum.  Set.,  Sec.  A  (1912),  7. 

'  Smith,  Coal  Resources  of  the  Philippine  Islands.  Min.  Resources  P.  /. 
for  1910,  Bur.  ScL,  Div.  Min.  (1911),  37. 
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and  limestones  are  similar  to  those  in  other  coal  districts,  their 
character  and  relations  are  not  definitely  known.  Polillo  is  far 
removed  from  commercial  communication  and  is  but  sparsely 
populated.  Marketing  and  labor  costs  would  be  high.  The 
chief  asset  the  island  possesses  as  a  possible  cement  manufactur- 
ing center  is  its  undeveloped  coal. 

Masbatc,  Sorsogoii  Province, — The  following  information  con- 
cerning Masbate  is  taken  from  unpublished  notes  of  Mr.  H.  (i. 
Ferguson  on  the  Cataingan  coal  field.  Near  Cataingan  Bay  on 
the  Island  of  Masbate,  there  is  an  undeveloped  field  of  sub- 
bituminous  coal.  The  seams  occur  in  the  usual  series  of  Miocene 
shales  and  limestones.  The  low  silica-alumina  ratio  of  a  typical 
Masbate  shale  is  shown  in  analysis  9,  Table  IV.  Such  a  shale 
could  not  be  used  satisfactorily  with  the  pure  limestone,  which 
has  been  observed  in  the  Cataingan  district.  The  character  of 
the  raw  materials  at  this  location  is  a  diflicuUy  whicli  could 
probably  be  overcome  at  an  increased  cost  of  production  by  using 
a  small  proportion  of  sandstone  in  the  mix.  Masbate  is  centrally 
located  and  Cataingan  Bay  offers  harbor  possibilities.  The  coal 
is  of  a  quality  which  should  make  it  a  satisfactory  fuel. 

Island  of  Batan,  Albay  Province. — On  Batan  Island  is  the  best 
developed  coal  mine  in  the  Philippines.  The  coal  at  this  mine  is 
of  rather  low  calorific  value,  however,  and  it  is  questionable  if 
it  could  be  used  satisfactorily  to  bum  cement.  The  shales  as- 
sociated with  it  are  uniformly  too  low  in  silica  to  be  used  with  the 
only  limestone  available,  which  is  the  pure  cryst^illine  type  shown 
in  analysis  3,  Table  III.  The  silica  content  could  be  brought  up 
to  standard,  perhaps,  by  using  a  small  proportion  of  the  quartz- 
sandstone  grits  which  occur  irregularly  in  the  coal-bearing  series. 
On  Batan  Island,  owing  to  the  dip  of  the  strata,  it  would  probably 
become  necessary  to  mine  the  shale  in  order  to  follow  any  bed 
or  succession  of  beds.  The  location  of  the  island,  with  respect 
to  the  market  for  cement,  is  rather  unfavorable. 

Vicinity  of  Manila, — The  only  calcareous  raw  materials  in  the 
vicinity  of  Manila  are  two  exposures  of  Miocene  limestone,  one 
of  w^hich  is  near  Montalban  and  the  other  in  a  semimountainous 
country,  about  7  kilometers  north  of  Binangonan,  Rizal  Province. 
Both  of  these  are  hard,  crystalline  limestones  which  chemically 
are  almost  pure  calcium  carbonate.  Montalban  is  about  30  kilo- 
meters distant  from  Manila,  over  a  branch  line  of  the  Manila 
Railroad.  Binangonan  is  about  20  kilometers  from  Manila,  and 
between  the  two,  water  communication  via  the  Pasig  River  and 
Laguna  de  Bay  is  feasible  for  launches  and  scows. 

At  Montalban  alluvial  clay  of  the  usual  character  is  available. 
Shales  occur  with  the  limestone,  but  they  are  very  irregular  and 

111906 7 
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not  in  relations  suitable  for  quarrying.  At  Binangonan  clays 
similar  to  those  at  Montalban  occur  (see  analysis  11,  Table  IV). 
The  volcanic  tuff  which,  as  has  appeared,  is  more  satisfactory 
chemically  for  use  with  this  class  of  limestone  than  the  common 
clays  borders  the  Pasig  River  between  Manila  and  Laguna  de 
Bay  and  stands  up  in  bluffs  that  could  be  easily  quarried.  No  coal 
occurs  in  this  district,  but  imported  coals  could  be  obtained  direct 
from  the  Manila  market  where  they  are  cheaper  than  at  smaller 
ports. 

The  factor  of  water  transportation  makes  the  Binangonan 
limestone  more  available  to  Manila  than  that  at  Montalban.  The 
expense  of  railroad  transportation  would  prohibit  the  success  of 
an  attempt  to  manufacture  cement  at  Montalban,  or  to  bring  the 
limestone  to  a  plant  at  Manila.  A  mill  located  at  Binangonan 
would  be  seriously  handicapped  unless  it  were  able  to  obtain 
more  siliceous  clay  than  that  from  Binangonan  shown  in  analysis 
11,  Table  IV. 

The  most  economic  scheme  for  utilizing  the  materials  in  the 
vicinity  of  Manila  (assuming  that  the  physical  character  of  the 
volcanic  tuft*  is  shown  to  be  not  seriously  objectionable),  would 
be  to  locate  the  plant  on  the  Pasig  River  at  Manila  adjacent  to 
the  volcanic  tuff,  and  to  bring  the  limestone  from  Binangonan  to 
the  mill.  This  plan  would  necessitate  the  transportation  of  all 
the  limestone  for  the  mix,  but  would  avoid  the  equally  long 
haul  of  a  probably  greater  bulk;  that  is,  all  supplies,  fuel,  and 
finished  cement,  which  would  be  necessary  if  the  plant  were 
located  at  Binangonan. 

The  advantages  of  the  Manila  location  are  all  those  which 
accrue  from  proximity  to  the  main  port  of  the  Islands.  The 
disadvantages  are:  (1)  the  extra  cost  of  quarrying  a  very  hard 
limestone;  (2)  the  transportation  of  this  limestone  over  a  dis- 
tance of  7  kilometers  by  land  and  about  17  kilometers  by  water; 

(3)  the  lack  of  natural  protection  at  Binangonan,  where  an 
anchorage  must  be  provided  for  floating  stock,  against  the 
severe  storms  which  occasionally  sweep  Laguna  de  Bay;  and 

(4)  possible  added  expense  in  grinding  and  burning  the  vol- 
canic tuff  raw  material. 

Island  of  Cebu, — The  city  of  Cebu  is  the  most  central  large 
port  in  the  Islands.  The  Cebu  coal  field  has  been  considered 
by  both  Spanish  and  American  engineers  to  be  the  most  pro- 
mising field  in  the  Philippines.  Next  to  that  of  Batan  Island, 
it  is  the  best  developed  field.  The  Cebu  coal  is  a  sub-bitumi- 
nous variety,  and  would  probably  be  a  satisfactory  cement  kiln 
fuel.  The  following  proximate  analysis  is  representative  of 
the  Cebu  coal. 
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Analysis  of  coal  from  the  Caniansi  Mine,  Danao,  Cebn,* 

Constituent.  Per  cent. 

Water    9.01 

Volatile  combustible  43.46 

Fixed  Carbon  43.18 

Ash    4.35 

Sulphur    2.40 

('alories    0,249 

In  addition  to  shales  and  limestones  similar  to  those  associated 
with  coal  at  other  places  in  the  Philippines,  Cebu  has  available 
cement  materials  in  the  coralliferous  marls  and  limestones 
which  flank  the  main  cordillera  throughout  the  length  of  the 
island.  The  analyses  and  descriptions  of  these  materials  have 
already  been  given. 

The  Cebu  coal  field  divides  itself  into  two  principal  districts, 
one  of  which  lies  about  12  kilometers  inland  from  Danao  and 
the  other  15  kilometers  inland  from  Naga.  Either  of  these 
towns  affords  rather  favorable  conditions  for  cement  manu- 
facture. At  Danao  the  coral  formation  (analysis  5,  Table  III) 
or  the  Mount  Licos  limestone  (analysis  1,  Table  III)  could 
be  used  with  the  argillaceous  limestone  (analyses  16  and  17, 
Table  III)   to  produce  a  suitable  cement  mixture. 

The  Mount  Licos  limestone  occurs  at  an  elevation  of  about 
500  meters  in  a  mountainous  district,  and  to  utilize  it,  a  plant 
should  be  located  preferably  at  the  Camansi  coal  mine  which 
is  near  by.  This  location  would  save  any  transportation  of  coal, 
once  the  Camansi  property  was  producing,  but  the  plant  would 
be  accessible  with  difficulty.  All  supplies  and  all  finished  cement 
w^ould  come  in  or  go  out  over  a  narrow  gauge  railroad  between 
the  plant  and  Danao,  where  transshipment  would  be  necessary. 

This  consideration,  together  with  the  fact  that  the  coral  on 
the  coast  is  physically  more  suitable  than  the  Mount  Licos  lime- 
stone, make  it  preferable  to  locate  the  cement  plant  at  Danao,  and 
to  use  the  coralline  limestone  there  with  the  argillaceous  limestone 
which  could  be  brought  over  the  railroad  from  the  coal  mine. 
Danao  has  no  natural  harbor  facilities  and  is  about  30  kilo- 
meters by  railroad  from  the  port  of  Cebu. 

At  Naga  a  mill  could  be  located  so  as  to  be  on  the  Philippine 
Railway  within  20  kilometers  of  the  town  of  Cebu  and  at  the 
same  time  on  the  water's  edge  at  Tinaan  Harbor,  an  adequate 
and  naturally  protected  anchorage.  (See  Chart  No.  4458,  Coast 
and  Geodetic  Survey.)  The  Uling  coal  field  is  accessible  from 
Tinaan  through  the  valley  of  Pandan  River. 

•  Smith,  loc,  cit. 
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A  mill  at  this  point  would  have  the  soft  coralliferous  marls 
(analyses  7  to  17  inclusive,  Table  III)  rising  immediately  behind 
it  in  an  extensive  terrace,  30  to  50  meters  high  with  ideal  rela- 
tions for  quarrying.  The  mill  itself  would  be  located  on  an 
alluvial  clay  deposit  (analysis  14,  Table  IV)  formed  as  a  flood 
plain  of  the  Pandan  River.  This  clay  is  present  in  abundant 
quantity.  At  a  distance  of  2  kilometers  from  Tinaan  up  the 
Pandan  River  the  gray-wacke  (analyses  18  to  20  inclusive,  Table 
IV)  occurs  in  practically  unlimited  quantity.  Calculation  shows 
that  the  coralliferous  marl  itself  could  be  used  for  90  to  95 
per  cent  of  a  raw  cement  mixture,  requiring  the  addition  of 
only  5  to  10  per  cent  of  the  alluvial  clay  or  the  gray-wacke. 
Since  the  required  addition  is  so  small  a  proportion  of  the  mix, 
the  alluvial  clay,  although  less  uniform  than  the  gray-wacke, 
would  serve  admirably,  and  because  it  is  adjacent  to  the  millsite 
it  would  be  preferable  to  the  gray-wacke  for  this  purpose. 

The  Cebu  field  offers  a  central  location,  harbor  facilities,  pos- 
sible local  fuel  supply  and  naturally  blended  raw  materials  of 
very  satisfactory  chemical  and  physical  composition,  available 
at  suitable  millsites.  The  raw  materials  should  be  cheaply 
quarried  and  probably  would  pulverize  readily,  although  it  is 
not  always  true  that  soft  materials  pulverize  easily.  Labor  in 
Cebu  is  more  abundant  and  cheaper  than  in  Manila,  but  propor- 
tionately less  efficient,  perhaps,  so  that  the  two  locations  are 
about  equally  advantageous  on  this  score.  There  are  several 
large  lumbering  concerns  on  the  Island  of  Negros  near  Cebu, 
where  cement  barrels  could  probably  be  manufactured  from  the 
mill  culls  with  financial  advantage  both  to  the  lumber  com- 
panies and  the  cement  mill  using  the  barrels. 

CONCLUSION. 

From  the  evidence  brought  out  in  the  foregoing  discussion, 
it  must  be  concluded  that  the  Island  of  Cebu  affords  better  con- 
ditions for  the  commercial  manufacture  of  Portland  cement  than 
any  other  known  locality  in  the  Philippine  Islands.  It  is  evi- 
dent, further,  that  Cebu  offers  unusually  favorable  conditions 
for  a  profitable  industry  in  this  field,  assuming  that  the  pre- 
sent consumption  and  market  value  of  cement  is  maintained.  It 
should  be  pointed  out  that  in  case  the  further  development  of 
the  local  coal  fields  proved  them  to  be  valueless,  Cebu,  being  an 
open  port,  could  import  coal  direct  almost  as  cheaply  as  Manila 
could.  Although  the  present  consumption  of  Portland  cement 
centers  at  Manila,  the  future  progress  of  the  Philippines  will 
in  all  probability  result  in  the  greater  relative  importance  of 
the  southern  island  markets. 


PHILIPPINE  CLAY  WORK. 


Hv  ('.  M.  Ckowk.' 


The  pottery  industry  in  the  PhiUppine  Islands  is  in  a  primitive 
state.  Clay  is  not  refined  nor  is  any  effort  made  to  produce  a 
superior  product.  Outside  of  Manila,  with  few  exceptions,  no 
kilns  are  used  and  no  Filipino  has  heretofore  made  glazed 
ware.  In  various  parts  of  the  Philippine  Islands  there  are  good 
clays  for  all  classes  of  clay  products.  There  are  deposits  of  fire 
clay  needed  in  kiln  construction  and  deposits  of  quartz  and 
felspar  for  the  glazes.  It  is  only  necessary  to  interest  the  people 
and  to  educate  young  men  who  will  be  able  to  organize  small 
factories  and  gradually  develop  the  clay-working  industry. 

In  the  1912  PhiUppine  Exposition,  12  provinces  exhibited  pot- 
tery and  10  of  these  had  samples  of  clays.  One  province  only, 
Laguna,  had  glazed  ware.  This  was  made  in  the  towns  of 
San  Pedro  Macati  and  Pagsanjan.  The  San  Pedro  Macati  ex- 
hibit consisted  of  glazed  flower-pots,  fruit  stands,  pitchers,  toys, 
etc.  The  body  was  yellowish  and  well-fired.  The  glaze  was  a 
lead  silica  mixture.  Several  of  the  pieces  were  pleasingly  colored 
by  the  addition  of  metallic  oxides  to  the  glaze. 

The  Pagsanjan  factory  is  interesting  from  the  fact  that  it 
was  organized  and  managed  by  two  boys  who  studied  nine 
months  in  the  pottery  school  of  the  Bureau  of  Education.  They 
made  their  own  bricks  and  built  the  kiln.  They  refined  the  clay, 
composed  the  glazes,  and  did  all  the  work.  They  exhibited  flower 
pots,  water  jars,  pitchers,  trays,  toys,  etc.  The  bodies  of  many 
pieces  were  red,  but  some  of  them  were  white.  No  Filipino  has 
heretofore  been  able  to  use  a  white  clay  in  pottery.  These  boys 
used  a  soft  lead  glaze  in  yellow,  brown,  green,  and  blue.  This 
refining  of  clay,  applying  glazes,  and  firing  in  kilns  marks  a  step 
in  the  advancement  of  clay  work.  Before  the  Bureau  of  Educa- 
tion instituted  a  pottery  school,  nothing  but  a  crude,  half-baked, 
unglazed  ware  was  produced  by  any  Filipino. 

'  Head  of  the  ceramic  department,  School  of  Arts  and  Trades,  Manila. 
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In  June,  1911,  the  pottery  school  which  had  been  just  estab- 
lished at  Santa  Cruz,  Laguna,  was'  united  with  the  Philippine 
School  of  Arts  and  Trades  at  Manila  and  became  the  ceramic 
department.  The  students  of  the  wood- working  course  con- 
structed the  building  for  this  department,  and  the  following 
equipment  was  made  in  the  school :  a  blunger  of  120  liters  capac- 
ity, a  settling  tank  of  120  barrels  capacity,  1  kiln  (3.7  meters 
by  7.4  meters)  containing  2  ovens,  a  small  test  kiln,  11  potter's 
wheels,  a  kneading  table,  a  modelling  table,  drying  racks,  and 
a  filing  case  for  clay  samples  and  tests.  There  are  also  the  fol- 
lowing power  machines:  a  cup  machine,  a  saucer  and  plate 
machine,  a  lathe,  a  ball  mill,  a  glaze  mill,  and  a  polisher.  This 
equipment  will  accommodate  about  60  pupils  and  with  it  terra 
cotta,  faience,  stoneware,  porcelain,  and  all  other  classes  of  clay 
work  can  be  produced. 

The  ceramic  department  aims  to  train  boys  so  that  they  will 
be  able  to  build,  equip,  and  operate  pottery  factories.  In  this 
first  year  of  the  course  the  students  have  constructed  the  kilns, 
made  tiles,  common  bricks,  fire  bricks,  and  glazed  ware  of  various 
colors  and  designs  (faience).  Sixteen  provinces  have  submitted 
samples  of  clays  and  from  these  100  tests  have  been  made. 

Fifteen  samples  of  grayish  and  white  clays  (locally  called 
ycso)  have  been  received.  Of  these,  7  burned  white;  6,  gray; 
1,  red;  and  2,  buff.  White  kaolinic  clays  from  Los  Baiios, 
Laguna,  and  from  Nasugbu,  Batangas,  have  proved  very  satis- 
factory in  certain  combinations.  Used  alone  the  Los  Bafios  clay 
warps  and  cracks  under  fire  treatment  owing  to  its  excessive 
shrinkage,  while  the  Nasugbu  clay  alone  lacks  the  necessary 
plasticity  for  working.  Combined  in  equal  proportions,  the 
result  is  a  very  refractory  material  which  burns  almost  white 
and  shows  but  little  shrinkage.  Mixed  with  less  refractory  clays, 
they  might  be  used  for  paving  brick,  since  they  tend  to  increase 
the  range  of  vitrification.  Further  experiments  with  the  white 
burning  clays  will  be  made  for  stoneware  and  porcelain. 

Twenty-nine  clays  and  mixtures  have  been  tested  for  vitrified 
brick.  Of  these,  3  were  slightly  warped,  5  cracked,  1  swelled, 
15  showed  a  range  too  short  between  vitrification  and  viscosity, 
and  5  with  a  slight  variation  of  mixture  would  apparently  make 
a  good  commercial  brick. 

The  most  successful  experiments  have  been  made  on  refractory 
ware.  Fire  bricks,  fire-clay  tiles,  and  posts  have  been  used  in 
the  kiln  and  have  in  every  way  served  as  well  as  the  imported 
product. 
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GLAZED  WARE    (MADE   BY   FIRST-YEAR   STUDENTS). 


MODELED   TERRA   COTTA    (MADE   BY   FIRST-YEAR   STUDENTS). 
PLATE   VIL 
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The  usual  tests  made  are  mechanical,  showing  shrinka^, 
color,  hardness,  warping,  cracking,  etc.  From  these  tests  the 
usefulness  of  a  clay  can  be  determined  and  a  foundation  is  laid 
for  further  experiments.     Below  are  some  results  of  these  tests. 

Mvchauical  tests  of  clays. 
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MINERAL  RESOURCES  OF  THE  PHILIPPINE 
ISLANDS  FOR  THE  YEAR  1912 

REVIEW  OF  THE  YEAR 

By  Warren  D.  Smith 

The  noteworthy  features  of  the  mining  industry  in  the  Philip- 
pines during  the  past  year  are  the  signal  success  of  the  Colorado 
mine  in  Masbate,  a  gold-quartz  property ;  the  installation  and  very 
successful  operation  of  the  Gumaus  gold  dredge  on  the  river  of 
that  name  in  the  Paracale  district;  the  erection  of  a  small,  but 
modern,  cupola  for  iron  smelting  in  the  Angat  iron  region;  the 
highly  successful  utilization  of  Philippine  coal  in  a  gas  producer 
at  the  Bureau  of  Science ;  and  the  completion  of  a  geologic  survey 
of  the  lower  end  of  the  Bondoc  Peninsula,  Tayabas  Province, 
a  district  which  is  already  well-known  on  account  of  its  seeps 
of  exceptionally  high-grade  petroleum. 

That  branch  of  mining  devoted  to  the  winning  of  gold  has  been 
very  active,  and  shows  very  promising  results.  Besides  the 
marked  success  of  the  Gumaus  dredge  already  mentioned,  there 
are  three  other  dredges  operating  in  the  vicinity  of  the  Paracale 
River,  with  two  more  building,  and  a  third  is  scheduled  to  begin 
operations  on  the  lower  Umirai  River  in  September  of  this  year. 
The  flotation  of  the  Cansuran  Placer  Company  for  hydraulicking 
the  gold-bearing  gravels  on  the  river  of  the  same  name  focuses 
attention  once  more  on  the  Surigao  Peninsula,  long  well-known 
as  being  fairly  rich  in  gold.  The  thorough  resuscitation  of  the 
promosing  mineral  district  of  Masbate  is  indicated  by  the  be- 
ginning of  the  erection  of  mills  for  the  Eastern  and  Keystone 
properties.  The  Benguet  district  remains  in  a  badly  crippled 
condition,  and,  with  the  exception  of  the  Headwaters  mine  and  the 
Camote  mines  which  are  still  (June,  1913)  running,  operations 
are  practically  at  a  standstill.  An  increase  for  the  year  of 
nearly  a  million  pesos  in  gold  production  in  the  Archipelago 
is  a  remarkable  showing  in  the  early  stages  of  the  industry.  It 
means  much  more  now  than  were  it  simply  another  million  added 
to  a  production  of  several  millions  already  existing.  Those  who 
have  been  the  most  active,  the  promoters  and  operators,  have  a 
right  to  feel  proud  of  their  efforts. 
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During  the  past  year,  the  East  Batan  coal  mine,  which  haa 
been  operating  fairly  continuously  for  five  years,  went  into  the 
hands  of  a  receiver  and  was  eventually  sold  to  the  Government 
to  satisfy  its  preferred  indebtedness.  With  the  exception  of  a 
little  grubbing  by  the  natives  and  some  exploratory  work  in 
Cebu,  there  is  nothing  further  to  be  said  about  the  coal  industry. 
It  seems  to  be  peculiarly  strange  that  with  so  much  coal  occurring 
in  the  Archipelago  no  successful  mine  has  been  started. 

In  copper  there  is  nothing  new  to  be  noted,  although  there 
seems  to  be  a  renewed  interest,  judging  from  the  requests  for 
information. 

The  most  important  field  work  carried  on  by  the  division  of 
mines  of  the  Bureau  of  Science  during  the  past  year  has  been  the 
geologic  survey  of  the  Bondoc  Peninsula,  Tayabas.  The  struc- 
ture of  the  region  appears  to  be  very  favorable  for  the  accumu- 
lation of  commercial  quantities  of  petroleum,  and  plans  are  being 
projected  leading  to  exploration  of  the  field  by  drilling. 

The  discovery  of  the  mineral  wolframite  has  been  reported 
from  Antique  Province,  Panay.  A  specimen  in  the  provincial 
exhibit  of  Antique  at  the  last  Philippine  Exposition  proved  to 
be  wolframite,  and  thus  tends  to  confirm  the  reports. 

A  deposit  of  gilsonite,  one  of  the  mineral  pitches,  in  a  vein 
about  6  meters  wide,  is  reported  as  having  been  found  in  Leyte. 
Samples  of  this  substance,  collected  by  persons  of  undoubted 
good  faith,  have  been  received  at  this  office. 

What  may  prove  to  be  large  deposits  of  chromic  iron  and  copper 
have  been  located  in  Antique  Province,  Panay. 

The  successes  and  failures  of  the  past  year,  as  well  as  of  preced- 
ing years,  have  clearly  demonstrated : 

First,  that  this  is  not  a  mining  country  for  a  poor  man  and 
that  any  gold  rush  or  any  other  kind  of  a  mining  boom  would 
lead  to  a  great  number  of  bitter  disappointments. 

Second,  the  superiority  of  careful  investigation  by  technically 
trained  men  to  the  guess  work  and  ''rule  of  thumb"  methods  of 
many  so-called  "practical  miners." 

Third,  that  there  is  a  legitimate  mining  industry  here  which, 
if  properly  fostered,  will  yield  in  time  a  large  return  both  to 
private  investors  and  the  Government. 

Attention  is  invited  to  the  figures,  on  another  page  of  this 
report,  of  the  mineral  production  of  the  Island  of  Formosa. 
Formosa  is  geologically  similar  to  Luzon,  is  about  one-half  its 
size,  and  the  Japanese  have  been  in  possession  only  three  years 
longer  than  we  have  been  here.     This  is  significant. 


STATISTICS  OF  PRODUCTION 

By  F.  A.  Dalburg 

Table  I. — Mineral  production  of  the  Philippine  Islands.* 


PnHluct. 

Quan- 
tity> 

!M1 

Value. 

Quan- 
tity. •' 

Value. 

Increase  (  O  or 
decrease  (-  ). 

«-".-          value. 

Metallic:^ 

/•«-.s«».«*.  <l 

/Vn.o«. 

I'CHOS. 

Iron                   metric  tons 

73 

29.  ir)t» 

111 

4i>.  272 

68 

20.  1 13 

Silvor                 Hnt»  «)unoos 

A.  :is:i 

:\.  ti(K> 

7.  121 

S,  CA\A 

3.  738 

5. 058 

Gold                             do 

9.  IIH) 

37i>.  9IH> 

27.  r»82 

1.1-10.424 

18.  3i>2 

76<».618 

Copper    .             kilograms 
Nonmelallic: 

l.KX) 

i;««» 

-   1.  im     - 

6(K) 

Coal  _                metric  tons 

2(>.  (MM» 

130.  (MH) 

2.  72(1 

2t>,2<H> 

17.2H(»      - 

-  109.8(M) 

Clay  prtxlucts    

ir>(>.(«M) 

■IW.  (HK> 

3.000 

Lime 

iKl.lMKJ 

92.  (>2« 

2.  026 

Sand  and  ►rravel 

177.  Ml 

46H,  7r>(> 

8,594 

Stone 

6f»r>.  7yr> 

r>rji.o4«> 

4.  74« 

Salt                    metric  tons. 

IH,  XVA 

r>r>().(  MKt 

\\\  117 

r.74.r>n 

814 

24.511 

Mineral  waters          liters 
Total 

3(M).(KX» 

6(>.  (KM) 
2.H2t>.41U 

2r»l.S71 

55  H1i» 

M.r.i;i.74f» 

35.  r^y 

4.  151 

♦■>87,  335 

■  The  report  covers  the  calendar  year,  but  where  imports  are  shown  the  fiscal  year,  which 
ends  on  June  30,  is  used. 

^  The  production  given  is  the  quantity  sold  or  shipped,  and  does  not  include  transportation 
on  sand,  gravel,  and  stone,  the  values  of  which  are  given  as  at  the  ciuarry  or  point  of  shipment. 
Mineral  products  mined  or  manufactured,  but  not  sold  at  the  end  of  the  year,  are  not  inclu<]ed. 
The  statistics  for  iron  represent  the  quantity  of  iron  castings  made. 

^  The  value  of  the  metallic  mineral  products  is  based  on  the  average  price  of  the  metals  in 
the  New  York  market.  The  figures  of  clay  products  are  only  estimates  because  the  large 
manufacturers  alone  furnish  statistics,  while  the  greatest  portion  of  the  products  are  made  by 
individuals  and  small  producers.  The  method  of  collecting  statistics  is  to  send  a  schedule 
each  year  to  every  known  operator.  Many  of  the  operators  neglect  to  make  returns,  which 
decreases  the  accuracy  of  the  totals  for  each  district. 

<*  One  peso  Philippine  currency  is  equal  to  50  cents  United  States  currency. 

Table  II. — Value  of  total  mineral  production  of  the  Philippine  Islands, 

1907  to  1912. 


By  years. 
Year. 


Value. 


By  substances. 
Substance. 


Value. 


PesoH. 

1907  _     .. 234,092 

1908.     .   .          .    1.383,315 

1909 '  2,3^3,367' 

1910. _. ;  2.099,677 

1911 2.826,410 

1912 ..  3,513.745 


ToUl 12,380,506 


PcftOH. 

Iron 166,568 

Silver .  19,936 

Gold..-. :  2,946.631 

Copper i  1.116 

Manganese 12, 6(K> 

Coal .       .  627.604 

Clay  producta  .     '  2,177,468 

Lime _ 341.682 

Sand  and  gravel. .  - 1.770.960 

Stone 2. 140, 526 

Salt 1.879.879 

Mineral  waters j  296,737 

Total I  12,380,507 
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Table  IV. — Abstract  of  Formoaan  mining  atatiaticSt  1910,* 

Gold rllomm* 429.160 

ITroyouncM..  51.886 

AlluvlalgoW fMomm« 16.600 

ITroyouncM..  1.881 

Goldore (Khan 4.046.102 

iMetHctons..  16.169 

g.jy^j.                                                                                                                     iMomme 498,917 

ITroyouncM..  69,666 

Copper /KJn 1.699,366 

iKilo^nuni...  969.818 

Co^                                                                                                                        fKIn 424,868,219 

IMetrictont..  267.460 

Sulphur /Kin 2.981,740 

lKno»nuni...  180,710 

Petroleum i'^o*'" ^'^ 

iLitert 26,148,681 

•  Table  IV  is  taken  from  an  abstract  of  Formosan  statistics  published  by  the  Japanese 
Government,  and  is  ariven  to  show  a  comparison  of  the  relative  mineral  wealth  of  this 
neighborins:  isUnd  and  the  Philippines. 
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Table  VI. — Statement  shotving  status  of  coal  entries  filed  under  Coal  Land 
Law,*  Philippine  Islands,  April  28,  1904^  to  June  SO,  1912. 


Province. 
Albay  

Entries  flled. 
''^-1        Are.. 

1 

Ha.    a.  e. 

192     10, 177  00  00 

2          128  00  00 

266     16. 176  00  00 

84       5.343  65  00 

1            64  00  00 

Rejected,  canceled, 
withdrawn. 

Num-I         . 
ber.  1        A*^®*- 

1     Ha.    a.  c. 

69  j    3. 760  00  00 

Acti 

Num- 
ber. 

120 

2 

139 

62 

1 
4 

on  pending.           ./^"-J^ 

Are..         Nu™-       Ar«.. 

Ha.    a.  c.  1               Ha.  a.  e. 
4.681  00  00  1 

BuUcan 

128  00  00  ^ 

Cebu 

Mindoro 

114 
31 

7. 216  00  00 
1, 981  03  20 

8. 824  00  00  1        1 
3. 328  00  00 

8  00  00 

Moro 

64  00  00  ' 

Mountain 

4          264  00  00 

264  00  00              ! 

Occidental  Ne^ros 
SorsoflTon 

2 

66 

78 

1 

112  00  00 

3.938  00  00 

4.864  00  00 

9  00  00 

2 
2 

37 

1 

112  00  00 

120  00  00 

2.002  00  00 

9  00  00 

1 

60 
41 

3.689  80  00  1        3 
2. 762  00  00  \ 

192  20  00 

Tayabaa 

Zambales 

\ 

Total 

686     41.055  66  00 

256 

16.200  03  20 

419 

23.620  80  00  1        4 

200  20  00 

•  Act  of  the  Philippine  Commission  1128,  enacted  April  28,  1904. 


Table  VII. — Statement  of  patents  issued  for  coal,  lode,  and  placer  claims 
in  the  Philippine  Islands,  1902  to  1913.* 


Province. 


BenfiTuet - j  Lode.. 

Lepanto-Bontoc- ' do  . 

Sorsoffon i do  . 

Total 


BenfiTuet Placer . 

Lepanto-Bontoc - do  .. 

Nueva  Ecija ...: do  .. 

Rizal ...|  ...do.- 

Do ....do.. 

Tayabas do  .. 

Total .J 


Albay ..!  Coal  .. 

Cebu - I do  . 

Mindoro i do  . 

SorsofiTon  (Masbate) i do  . 

Totol -. 


Kind  of 
claim. 


Claims.^ 


..  L 


Mineral,  b 


I  Sq.  meters. 

37  I  Gold !    3,137,388 

4  I do 270.117 

14  i do 1,107.001 


Value  of 
patents 
issued. 


Pesos.       ! 
7.842.97    j 

675.29 
2.767.50 


55  |.- 4.514.306         11,285.76 


Building:  stone. 

Copper  

Gold 

Stone  - 

Cement  (limestone) 
Petroleum 


69, 138 
55,887 
396,340 
129. 880 
373,276 
76,620 


172.84 
139. 72 
990.85 
324. 70 
933.19 
191.55 


1,101,141 


2,752.86 


Coal 480,000 

do '■  1,280.000 

do 346,180 

do 320,000 


4,800.00 
12,800.00 
1, 730. 90 
3,200.00 


7: - I    2.426,180        22,530.00 


•  AU  the  above  data  regarding  mining  claims  have  been  kindly  furnished  by  the  Director 
of  the  Bureau  of  Lands. 

*>AU  mineral  lands  are  sold  at  25  pesos  per  hectare.  Coal  land  is  sold  at  60  pesos  per 
hectare  if  more  than  26  kilometers  from  railroad  or  navigable  stream  and  100  pesos  if  within 
this  distance. 


THE  PARACALE  DISTRICT 

By  Paul  R,  Fanning 

The  production  of  the  Paracale  district  for  the  year  1912 
amounted  to  399,376  pesos,  and  showed  an  increase  over  the 
preceding  year  of  201,375  pesos.  The  production  for  the  last 
five  years  is  as  follows : 

Table  I. — Gold  production, 

[Values  in  Philippine  currency.} 


Year. 


1907. 
1908. 
1909, 
1910. 
1911. 
1912 


Total. 


Dredffinfft. 

4.000 
152.270 
216.701 
128.605 
196.000 
899,876 

QuarU 
mining. 

Ft90». 

48.895 

1.066,476 

48.896 

*  One  peso  Philippine  currency  is  equal  to  60  cents  United  States  currency. 

Out  of  a  total  production  of  1,099,871  pesos  during  the  past 
five  years,  1,056,476  pesos  are  due  to  the  work  of  the  dredges. 
It  is  safe  to  believe  that  the  production  for  some  time  to  come 
will  rest  entirely  with  the  dredges  and  that  it  will  average  over 
a  million  pesos  a  year.  Indeed,  one  dredge  alone,  namely  the 
Governor  Gilbert,  belonging  to  the  Gumaus  Placer  Company, 
probably  will  produce  over  500,000  pesos  during  1913.  The 
work  of  this  dredge  has  done  much  to  indicate  the  importance  of 
the  Philippine  placers,  has  resulted  in  widespread  testing  of 
other  placer  fields,  and  has  encouraged  the  expenditures  of  the 
money  in  a  field  of  mining  which  can  be  made  one  of  the  most 
lucrative  and  secure  forms  of  investment. 

During  1912,  the  dredge  of  the  Paracale  Bucket  Dredging 
Proprietary,  Limited,  operated  practically  the  whole  year  as 
did  the  dredge  on  the  Malaguit  River  belonging  to  the  Philippine 
Dredging  Syndicate.  The  Maximelo  dredge  on  the  Maximelo 
branch  of  the  Paracale  River,  and  the  dredge  of  the  Gumaus 
Placer  Company  on  the  Gumaus  River  operated  for  about  two 
months. 
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The  fineness  of  bullion  varies  with  each  dredge  as  is  shown  in 

Table  IL 

Table  II. — Fineness  of  bullion. 


Company. 


River. 


Mint  Gold.  Silver. 

'    re-    I  .     .     .... 

turns  !  ! 

:  avail-  Hitch-  Lovkr-:  Aver-  Hi^h-  Low-   Aver- 


I 


Gumaus  Placer 

Paraeale  Bucket  Dredsr- 

ing  Proprietary. 
Maximelo  Dredsrinfi:. 
Philippine Dredtrinsr    --- 
Averafire 


1 


GumauB 

Lower  Paraeale  . 

Upper  Paraeale  . 
Malasruit 


able. 


est.   ;  est. 


aRe.      est. 


878       863  I  873 


822  I    817 


900  ; 

8S7  i 


820 


i     125 
170 


889.5  I 


j  863.9  ; 


188 
103 


est. 


agre. 


1  Total  I 
.,  srold  I 
and  sil-j 
;    ver. 


112  '  117 
164  i  116.5 


091  j  163 

092  I  098 


990 


6.5 


133. 6  j  988.  5 


GUMAUS  PLACER  COMPANY-PHILIPPINE  EXPLORATION  COMPANY 

The  construction  of  the  dredge  began  early  in  February  of 
1912,  and  the  wooden  pontoon  was  launched  July  1.  The 
machinery  was  installed,  and  digging  began  on  September  25, 
which  meant  a  total  construction  period  of  about  eight  months. 
The  cost  is  given  at  280,000  pesos.  During  1912,  the  dredge 
operated  on  pay  gravel  for  about  sixty  days,  during  which  time 
it  produced  155,000  pesos'  worth  of  gold.  Some  anticipated 
delay  was  experienced  in  digging  to  the  pay  channel.  The  ground 
is  especially  rich,  and  large  returns  are  expected.^ 

The  soil  on  this  property  differs  from  that  on  Paraeale  and 
Malaguit  Rivers,  and  requires  a  distinctly  different  type  of  dredge 
and  method  of  operation.  No  small  credit  is  due  Judge  Frank 
B.  Ingersoll,  general  manager  of  the  company,  and  Mr.  William 
Kane,  superintendent,  for  the  careful  investigation  of  conditions 
before  the  purchase  of  a  suitable  dredge.  The  alluvium  varies 
in  depth  and  character,  containing,  at  the  time  of  inspection, 
a  sandy  clay  top  almost  3  meters  thick,  underlain  by  clay,  fine 
sand,  and  gravel  with  a  2.5-meter  bottom  wash  of  rather  tight 
coarse  sand.  The  bedrock  is  a  somewhat  decomposed  granite 
gneiss. 

THE  DREDGE 

The  dredge  designed  by  the  New  York  Engineering  Company 
is  of  the  Empire  type,  and  is  radically  different  from  all  other 
dredges  in  the  district.  It  has  a  capacity  of  about  5,000  cubic 
yards  per  twenty-four  hours,  but  when  operating  on  pay  sands 

*  On  July  1,  1913,  the  Gumaus  Company  had  paid  four  10  per  cent  and 
two  5  per  cent  dividends,  a  total  of  50  per  cent,  in  ten  months  on  a  capital- 
ization of  600,000  pesos. 
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about  2,900  yards  are  handled.  The  buckets  are  close  connected 
and  have  a  capacity  of  5.5  cubic  feet  Mercury  is  used  in  the 
riffles.  The  tailings  are  disposed  of  by  means  of  a  stacking  belt 
and  sand  pump.  Rear  spuds  are  used.  All  operations  are  con- 
trolled by  levers  from  the  pilot  house.  Morris,  marine  type, 
engines  and  the  most  improved  types  of  machinery  are  used. 
As  this  dredge  represents  the  latest  practice,  the  construction 
and  machinery  are  given  in  detail : 

The  hull  is  120  feet  long  by  46  feet  wide,  including  a  3>foot  overhang  on 
each  side.  Selected  Oregon  pine  is  used,  and  the  construction  was  made 
especially  heavy.  The  keelsons  have  a  cross  section  of  12  by  16  inches;  the 
deck,  floor  beams,  and  stanchions,  6  by  10  inches;  the  floor  beams  are 
spaced  2.5  feet  apart  Two  tie  beams  at  the  after  end  of  the  well  are 
12  by  10  inches  in  section,  while  a  third  is  14  by  10  inches.  The  diagonal 
stays  are  4  by  8  inches  in  section,  and  the  center  frames  are  6  by  10  inches. 
The  bottom,  sides,  and  deck  are  made  of  4-inch  planking,  while  the  well- 
hole  stern  and  bow  use  6-inch  board.  Tarred  felt  lies  upon  the  planking, 
and  this  is  covered  outside  with  a  sheathing  of  1.5-inch  native  hard  wood. 
This  affords  protection  from  teredos. 

The  bow  gantry,  American  type,  measures  26  feet  from  deck  to  top  cap. 
The  main  and  diagonal  posts  are  12  by  16  inches  in  section,  and  the  joints 
are  reinforced  by  0.25-inch  steel  plates.  The  cap,  weighing  3.6  tons,  is 
built  of  structural  steel  fitted  over  the  gantry  frame.  The  stern  gantry 
measures  60  feet  from  the  deck,  and  is  built  of  12  by  12  inch  main  posts 
with  8  by  12  inch  diagonal  stays.  Upper  truss  chords,  running  between 
gantrys,  are  12  by  16  inches.  For  even  distribution  of  stress  and  strain, 
the  center  of  the  dredge  is  held  to  the  upper  truss  chord  by  2-inch,  square, 
steel  rods  fitted  with  turn-buckles. 

The  digging  ladder  is  built  of  structural  steel,  and  has  a  length  of  87 
feet  between  centers.  Return  drip  pan  is  used.  The  end  of  the  ladder  is 
cast  steel.  The  ladder  hanging  shaft  has  a  diameter  of  12  inches,  and  rests 
in  a  large  steel  frame  containing  the  driving-gear  shafts.  This  enforces 
the  alignment  of  the  driving  mechanism. 

The  rollers,  16  in  number,  have  a  diameter  of  16  inches,  and  weigh  1,600 
pounds  each.  The  bearings  are  grit  proof  and  adjustable.  The  ladder  has 
a  weight  of  28  tons  exclusive  of  buckets,  rollers,  and  tumblers. 

The  lower  tumbler  which  weighs  4  tons  has  wearing  sides  lined  with 
manganese  steel.  A  1.5-inch  tie  bolt  runs  through  the  center  of  the  tumbler 
shaft  in  order  to  prevent  the  ladder  from  spreading.  The  shaft  runs  in 
water-tight  grease  bearings.  The  upper  tumbler  which  weighs  7  tons  has 
manganese-steel  wearing  plates;  the  shafting  is  16  inches  in  diameter,  and 
is  driven  by  double,  machine-cut  gearings. 

The  buckets,  84  in  number,  are  close  connected,  have  a  capacity  of  6.6 
cubic  feet,  and  operate  at  a  speed  varying  up  to  22  per  minute.  The  body 
of  the  bucket  is  cast  steel;  the  lip  is  made  of  1.6-inch  manganese  steel; 
each  bucket  weights  1,300  pounds.  Manganese-steel  wearing  plates  take  up 
the  wear  of  the  tumbles.  The  link  pins  are  4.6  inches  in  diameter,  and  are 
American  made.     The  Paracale  dredges  favor  the  Hatfield  (Sheffield)  pins. 

The  screen  is  32  feet  long,  and  has  an  inside  diameter  of  6  feet.  It  is 
built  of  0.5-inch  steel  perforated  plates  bolted  to  the  frame,  and  can  easily 
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be  removed  when  worn.  The  perforations  grade  from  0.26  inch  at  the  upper 
end  to  0.75  inch  at  the  lower  end.  Flat  manganese  steel  bars  are  bolted 
inside  to  help  break  up  the  clay.  The  screen  is  driven  by  friction  rollers 
at  each  end. 

The  tables  are  double-banked;  the  arrangement  of  one  bank  is  shown 
in  fig.  1.  A  total  area  of  about  8,000  square  feet  is  obtained.  The  tables 
are  of  the  riffle  type,  and  are  set  at  a  slope  of  1.5  inches  to  the  foot  The 
riffles  are  made  of  wood  covered  by  1.25-inch  strap  iron;  the  spacing  is 
about  1  inch.  The  transverse  chutes  have  a  width  of  about  29  inches, 
while  the  longitudinal  chutes  have  a  width  of  about  32  inches.  In  passing 
from  the  transverse  chutes  to  the  longitudinal  chutes,  the  sand  makes  a 
drop  of  about  6  inches  to  a  0.25-inch  steel  plate.  Three  of  the  longitudinal 
chutes,  on  each  side  of  each  bank,  are  outboard,  and  lead  to  a  steel  stem 
chute  with  a  20-foot  overhang.  Mercury  is  used  in  the  riffles  close  to 
the  screen. 

The  dredge  is  steam  operated  from  a  300-horsepower  Wellington  water« 
tube  boiler.  Hillside  wood  is  used,  thus  differing  from  the  other  dredges 
which  are  favored  by  the  use  of  mangrove-swamp  wood.  About  13  cords 
of  wood  are  used  per  twenty-four  hours. 

Fresh  water  is  pumped  to  the  well  by  means  of  a  4.5  by  2.75  by  4  inch 
Worthington  duplex  pump,  and  is  fed  to  the  boiler  by  a  4.5  by  2.75  by  4 
inch  Worthington  boiler  feed  pump  which  has  the  advantage  of  being  out- 
side packed. 

The  main  engine  is  Morris,  marine  type,  100  horsepower;  it  runs  at  a 
speed  of  150  revolutions  per  minute ;  is  fitted  with  link-motion  reverse  gears, 
and  drives  the  buckets,  screen,  stacker,  and  ladder  hoist.  The  ladder  hoist, 
using  a  seven-eighths  lang-lay  steel  cable,  connects  by  means  of  a  Medard 
friction  clutch,  and  the  barrel  is  fitted  with  a  compound  brake. 

The  double-speed  mine-drum  winch  is  belt  driven  from  a  7  by  7  inch 
double  cylinder,  high-pressure  Morris  engine,  running  at  a  speed  of  170 
revolutions  per  minute.  The  drums  connect  by  means  of  internal  expansion 
friction  clutches. 

The  12-inch,  double-suction,  centrifugal  pump  for  the  tables  runs  on  out- 
board bearings,  and  is  direct  connected  to  an  8  by  14  by  10  inch  compound 
Morris  engine.  Water  is  delivered  through  twelve  1.5-inch  nozzles,  5  of 
which  are  placed  at  the  upper  end  of  the  screen  and  7  at  the  lower. 

The  8-inch  sand  pump  is  made  of  cast  manganese  steel,  and  is  belt  con- 
nected to  an  8  by  10  by  14  inch  compound  Morris  engine.  The  3  pump 
engines  have  the  advantage  of  being  identical  in  size. 

All  exhaust  steam  passes  to  a  Baragwanth  condensing  apparatus  through 
which  the  water  from  the  high-pressure  screen  pump  passes.  The  8  by  10 
by  12  inch  Knowles  wet  vacuum  pump  maintains  a  20-inch  vacuum. 

The  conveyor  ladder  is  made  of  structural  steel,  latticework  type.  A 
3-foot  Jeffrey  conveyor  belt  is  used.  It  is  to  be  noted  that  the  dredges 
on  the  Paracale  and  Malaguit  Rivers  do  not  need  to  use  a  stacker,  owing 
to  the  scouring  action  of  the  tidal  and  river  currents.  Owing  to  the  short- 
ness of  life  of  rubber  belting  in  the  tropics,  stacker  maintenance  cost  may 
prove  to  be  high. 

The  dredge  is  electrically  lighted  by  means  of  a  7.5-kilowatt  northern 
direct-current  generator,  125  volts,  60  amperes,  direct  connected  to  a  Kerr 
turbine  running  at  a  speed  of  3,600  revolutions  per  minute. 

In  operation  the  dredge  is  kept  to  the  face  by  means  of  a  steel  grirder, 
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2  by  3  by  55  foot  dig^ng  spud  weighing  10.5  tons.  The  wooden,  2  by  3 
by  50  foot  stepping  spud  weighs  5  tons.  In  addition,  four  0.75-inchy  flex- 
ible steel,  bow  and  stern  side  lines  are  used. 

THE  PARACALE  BUCKET  DREDGING  PROPRIETARY,  LIMITED 

The  Paracale  Bucket  Dredging  Proprietary,  Limited  (Austra- 
lian capital),  which  had  taken  over  the  property  of  the  Paracale 
Gold  Dredging  Company,  Limited,  continued  operation  of  the 
dredge  throughout  the  year.  An  additional  wooden  hull  dredge 
is  being  built  using  close-connected  buckets  of  7  cubic  foot  capa- 
city. Screens  will  not  be  used.  Considerable  secrecy  surrounds 
the  management  of  the  company,  and  cost  data  could  not  be 
obtained. 

The  present  dredge  is  of  New  Zealand  make,  using  loose- 
connected  buckets  having  a  capacity  of  4  cubic  feet  and  running 
at  a  speed  of  13  per  minute.  Center  and  waste  chutes  are  used 
instead  of  screens,  and,  while  this  method  is  considered  obsolete 
in  certain  countries,  yet  there  is  much  to  commend  the  practice 
for  the  peculiar  ground  being  handled.  The  dredge  has  a  large, 
single-bank  table  area,  but  only  half  is  being  used.  Hungarian 
type,  removable,  wooden  riffles  are  used  which  lie  upon  coconut 
matting  and  canvas.  The  arrangement  of  the  tables  is  shown  in 
fig.  1. 

The  dredge  saves  2  or  3  tons  of  quartz  bowlders  per  day. 
These  have  been  accumulating  for  several  years,  and  are  be- 
lieved to  have  sufficient  value  to  treat  in  a  small  mill  erected  near 
the  dredge.  The  mill  flow  is  as  follows :  Quartz  on  pile  to  car ; 
tramming  to  breaker  platform;  16  by  8  inch  Blake  crusher;  belt 
bucket  elevator;  grizzly  1-inch  openings;  7  by  9  inch  Dodge 
crusher:  bucket  elevator;  12-ton  bin;  challenge  feeders;  one 
5-foot  Huntington  mill  crushing  through  30-mesh  needle-punched 
screen;  4  by  8  foot  amalgamation  plate;  mercury  trap;  small 
1-foot  amalgamation  plate;  launder  with  2  traps;  one  18-foot 
Wilfley  table.  The  concentrates  probably  will  be  shipped  to  a 
smelter  in  the  United  States.  The  value  of  the  quartz  bowlders 
may  prove  disappointing,  and  the  mill  may  not  give  better  than 
60  per  cent  extraction.  The  ore  is  adapted  to  cyanidation,  but 
the  quantity  saved  per  day  possibly  does  not  warrant  the  erec- 
tion of  such  a  plant.  The  great  advantage  of  the  present  mill 
will  be  in  the  treatment  of  the  clean-up  sands  and  rich  quartz 
specimens,  but  a  greater  return  might  be  obtained  by  shipping 
these  direct  to  the  smelter  and  eliminating  the  mill  entirely. 
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Until  the  value  of  the  clean-up  sands  is  exactly  known,  this  point 
cannot  be  decided. 

The  Philippine  Dredging  Proprietary,  Limited,  which  is  con- 
trolled by  the  same  individuals  as  the  Paracale  Bucket  Dredging 
Proprietary,  Limited,  has  taken  over  an  additional  tract  of  land 
in  the  Paracale  River  Valley,  and  a  dredge  of  7  cubic  foot  bucket 
capacity  is  being  built.     Screens  will  not  be  used. 

THE  PHILIPPINE  DREDGING  SYNDICATE 

The  dredge  belonging  to  the  Philippine  Dredging  Syndicate 
operating  on  the  Malaguit  River  is  Risdon  make,  old  style,  with 
loose-connected  buckets  which  have  a  capacity  of  3.25  cubic  feet. 
About  800  cubic  yards  are  handled  per  twenty-four  hours.  The 
soil  passes  down  a  center  chute  4  feet  wide  and  70  feet  long, 
fitted  with  riffles  and  punched  plate  for  catching  the  gold. 
Mercury  is  used  in  the  riffles.  The  alluvium  is  somewhat  sandy, 
and  varies  from  10  to  35  feet  in  depth.  The  values  generally 
lie  in  the  bottom  wash,  but  in  some  places  gold  is  found  through- 
out. The  bottom  wash  is  quite  different  from  that  at  Paracale 
as  there  is  very  little  quartz  and  black  sand.  The  values  are 
found  along  well-defined  channels,  and  careful  testing  of  the 
ground  is  required. 

MALAGUIT  DREDGING  COMPANY 

The  Malaguit  Dredging  Company  has  taken  over  500  acres  of 
ground  on  the  Malaguit  River  immediately  adjoining  the  ground 
worked  by  the  Philippine  Dredging  Syndicate.  A  5.5  cubic  foot 
Bucyrus  dredge  will  be  constructed. 

THE  MAXIMELO  DREDGING  COMPANY 

The  Maximelo  Dredging  Company  (formerly  known  as  the 
Stanley  dredge)  which  is  operating  on  the  Maximelo  branch  of 
the  Paracale  River  started  after  a  year's  idleness.  The  condi- 
tion of  the  machinery  caused  many  shutdowns,  and  large  returns 
cannot  be  expected  until  a  modem  dredge  is  installed. 

The  buckets  are  loose  connected,  have  a  capacity  of  5  cubic  feet, 
and  handle  about  1,000  cubic  yards  per  twenty-four  hours.  The 
upper  portion  of  alluvium  is  stripped  for  about  10  feet,  and  passes 
down  a  center  steel  chute,  3  feet  wide  by  50  feet  long.  This 
material  is  diverted  into  2  side  chutes  fitted  with  riffles  and 
punched  plate  for  catching  the  gold.  The  riffles  and  plates  rest 
on  coconut  matting  underlain  with  canvas. 
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COMPARISON  OF  DREDGES 


Some  essential  differences  in  the  dredges  are  shown  in  the 
following  table : 

Table  III. — Dredges  in  the  ParaccUe  district. 


Paracale  j 

Philippine       Bucket      Philippine ;  Maxtmelo 
,   Explora-      Dred^ngr     Dredsring:  i  Dredgrinsr 
tion  Co,        Propric-    i  Syndicate.  Co. 

tary.  ' 


Paracale 
Bucket 
DredfirinfiT 
Proprie- 
tary (build- 
i      insr). 


Make.. 


New  York 

Engrineer- 

insT  Co. 


New 

Zealand. 


!    Risdon. 


New 
Zealand. 


Australian.! 


Backets,  capacity. .  

Bucket  speed,  number  per  minute... 
Operating  capacity,  cubic  yards,  24 

hours - .  - - 

Uses  screen 

Uses  center  chutes .     

StackinfiT  ladder 

Tables  and  chutes: 

Approximate  lengrth  in  feet 

Approximate  area  in  square  feet. 

Mercury  used 

Spuds  used  - 


5.4 
20 


2,900 
X 


1.300 
3.000  '. 

X 

X 


4 

13 

1.200 
formerly 
X 


632 
«2,200 


3.25 
12 

800 
formerly  ; 
X 


5 
10  ' 


1,000 


70  I 
245  i 


153 
459 


*  1,200  square  feet  used. 

The  older  types  of  dredges  were  loose  connected,  but  the 
Gumaus  is  close  connected,  and  the  new  dredges  now  being 
constructed  likewise  will  be  close  connected.  The  Paracale  and 
Malaguit  dredges  formerly  used  screens,  but  these  were  discarded 
and  a  lower  working  cost  resulted.  It  is  believed  that  for  the 
Paracale  dredge  an  equal  saving  of  the  gold  is  made.  The  fact 
that  the  new  Paracale  dredges  will  use  chutes  instead  of  screens 
indicates  the  success  of  this  method  for  their  ground. 

All  the  dredges  use  bow  and  side  lines  except  the  Gumaus  which 
uses  rear  spuds.  Operation  on  spuds  is  believed  to  give  a  greater 
yardage,  permits  a  better  cleaning  of  the  bedrock,  and  saves  wear 
and  tear  on  the  boat. 

All  are  equipped  with  save-alls,  and  the  Gumaus  has,  in  addi- 
tion to  this,  a  return  drip  pan  which  minimizes  the  escape  of  dirt. 
The  Gumaus  has  about  double  the  capacity  of  all  other  dredges, 
and  uses  over  double  the  table  area.  The  extraction  should  be 
high,  especially  in  view  of  the  use  of  mercury  which  saves  much 
fine  gold. 

The  use  of  screen  and  stacker,  as  well  as  the  necessity  of  treat- 
ing all  the  material  on  the  tables,  adds  to  the  working  costs  on  the 
Gumaus,  but  the  superior  machinery  and  larger  capacity  ought  to 
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give  the  lowest  cost  in  the  district  Direct  comi>arison  of  Aus- 
tralian and  American  practice  cannot  be  made,  owing  to  the 
great  differences  in  the  soil  worked  on  the  three  rivers. 

The  Paracale  soil  toward  the  mouth  of  the  river  has  the  values 
concentrated  in  a  few  feet  of  pay  gravel  at  the  bottom,  varying 
in  depth  from  9  to  18  meters.  On  top  of  this  gravel  there  lie 
from  7.5  to  15  meters  of  stiff  clay  and  coral  containing  practically 
no  gold.  In  operation,  this  worthless  material  is  stripped  and 
is  allowed  to  run  to  waste  down  a  waste  chute.  When  pay  gravel 
is  reached,  it  is  sent  down  the  center  chute,  and  the  sand  passes 
through  undercurrents  to  the  riffle  tables.  These  are  in  use  for 
about  eight  hours  out  of  the  twenty-four. 

The  soil  on  the  Gumaus  is  somewhat  shallower,  more  sandy, 
and,  while  the  values  are  mainly  in  the  bottom  wash,  some  values 
are  found  in  the  upper  sands.  For  this  reason  all  of  the  sand  is 
run  over  the  tables. 

THE  PARACALE  VENTURE  CORPORATION 

The  Paracale  Venture  Corporation  attempt  to  wor4c  their  hold- 
ings by  means  of  drift  mining.  A  shaft  was  sunk  to  the  bottom 
wash  which  was  said  to  run  about  80  pesos  to  the  cubic  meter  in 
free  gold  alone.  Much  of  the  pay  gravel  was  cemented  and  re- 
quired disintegration  for  complete  saving  of  the  free  gold.  No 
actual  drifting  was  done,  and,  while  difficulties  forced  an  early 
shutdown,  it  is  the  intention  to  continue  the  work. 

BLACK  SANDS 

The  first  ground  worked  by  the  Paracale  dredge  contained 
rich  black  sands  which  to  a  certain  extent  have  concentrated  near 
the  mouth  of  the  river.  In  October  of  1912,  a  working  test  was 
made  on  the  dredge  (then  some  distance  up  the  river)  with  the 
aim  of  saving  a  larger  percentage  of  the  black  sands  running  to 
waste.  While  working  on  the  bottom  wash,  the  riffles  were 
cleaned  hourly.  The  gold  was  then  cleaned  from  the  black  sands 
by  the  usual  amalgamation,  and  the  sands  were  assayed  and 
showed  a  value  of  about  6  pesos  per  ton  and  a  tonnage  for  the 
dredge  of  about  1.5  tons  per  eight  hours.  The  dredge  "strips" 
for  sixteen  hours,  during  which  time  the  gravel  and  sand  pass 
directly  to  waste.  It  is  evident  then  that  a  much  larger  tonnage 
of  black  sands  could  be  obtained,  provided  all  of  the  fine  gravel 
is  diverted  to  suitable  tables.  The  test  fully  demonstrated  that 
in  order  to  save  black  sands  sizing  is  necessary,  as  otherwise  the 
fine  black  sands  and  gold  have  no  chance  to  settle  in  the  riffles 
against  the  force  of  far  larger  grains  of  quartz. 

The  black  sands  along  the  bench  were  tested  by  concentration 
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in  pans,  but  the  concentrates  were  far  too  low  in  value  to  pay 
for  the  cost  of  treatment. 

The  question  of  treatment  of  black-sand  concentrates  after 
being  saved  on  the  dredge  has  been  fully  described/  and  sub- 
sequent tests  have  confirmed  these  results.  However,  the 
advantage  of  saving  more  of  the  black  sands  does  not  seem  as 
encouraging  as  before. 

QUARTZ  MINING 

Notwithstanding  the  fact  that  practically  no  work  was  per- 
formed in  quartz  mining  during  1912,  it  has  not  yet  been  proved 
that  the  mines  are  valueless.  It  is  the  intention  of  the  Phil- 
ippine Exploration  Company  to  reopen  the  San  Mauricio  mine 
at  Mambulao,  and  while  it  is  known  that  the  present  20-stamp 
amalgamation  and  concentration  mill  is  not  adapted  for  making 
an  economical  saving  of  values  the  owners  hope  that  by  driving  a 
sea-level  tunnel  to  the  vein,  sufficient  ore  can  be  opened  up  to 
warrant  the  installation  of  a  cyanide  plant  for  the  profitable 
treatment  of  the  ore. 

The  Tumbaga  mine  probably  will  be  reopened  as  exceedingly 
rich  ore  has  been  taken  out  in  the  past,  and  the  possibility  still 
remains  for  the  uncovering  of  additional  ore  bodies. 

The  district  as  a  whole  has  disadvantages  which  can  only  be 
compensated  for  by  ore  of  superior  value.  Shaft  work  and 
pumping  generally  are  required  as  tunnels  produce  little  "backs" 
in  comparison  with  their  length.  The  ore  shoots  in  the  veins  are 
very  irregular,  and  it  is  impossible  to  tell  the  good  ore  from 
the  bad.  The  ore  is  very  hard,  and  in  many  cases  the  walls  re- 
quire considerable  timbering. 


'  Fanning  and  Eddingfield,  Phil.  Joum.  Set.,  Sec.  A  (1912),  7,  213-253. 


THE  AROROY  DISTRICT 
By  Percy  D.  Kincaid 

Since  this  district  has  been  covered  in  previous  reports  by 
both  Eddingfield  ^  and  Fanning,^  I  shall  limit  this  article  to  the 
recent  changes  which  have  taken  place. 

The  Aroroy  mining  district  is  the  leading  quartz-gold  mining 
district  in  the  Philippines,  and  promises  to  increase  its  lead  by 
the  erection  of  two  new  mills  on  the  Keystone  and  Syndicate 
properties.  At  present  the  Colorado  is  the  only  producing  mine 
in  the  district  with  an  average  of  57,000  pesos  per  month.  Its 
total  production  for  the  year  1912  was  681,000  pesos  or  16,329 
fine  ounces  of  gold  and  4,248  fine  ounces  of  silver.  The  year  1913 
should  show  a  large  increase  over  this  amount  as  a  result  of 
various  improvements  which  are  to  be  made  in  the  mill. 

THE   COLORADO   MINE 

On  this  property  there  have  been  only  minor  changes  during 
the  past  year,  and  both  the  mill  and  mine  are  continuing  the 
consistent  progress  which  they  have  maintained  for  months. 

The  second  level  is  opened  for  a  length  of  700  feet  (213 
meters),  showing  a  well-defined  vein  of  from  8  to  15  feet  (2.5 
to  5  meters)  in  width.  On  this  level  there  is  a  crosscut  of  70 
feet  (21  meters)  to  the  east  which  cuts  a  vein  4.5  feet  (1.3 
meters)  wide  of  18-peso  ore.  A  third  level  100  feet  (30  meters) 
below  the  second  and  a  sixth  level,  400  feet  (120  meters)  below 
the  second  or  about  1,000  feet  (305  meters)  below  the  highest 
point  on  the  outcrop,  have  already  been  started.  A  crosscut 
from  the  level  of  the  mill  head  is  being  run  through  the  property ; 
it  is  now  150  feet  (45  meters)  long,  and  it  is  estimated  that  it 
will  cut  the  big  vein  at  1,300  feet  (about  400  meters)  from 
the  entry. 

The  Colorado  has  taken  over  the  claims  lying  between  it  and 
the  Keystone  property,  and,  therefore,  it  should  be  possible  to 
open  up  the  levels  for  a  still  greater  length. 

The  square-set  system  is  used  in  the  stopes.  The  filling  is 
drawn  from  the  stopes  above  to  the  stopes  below.  Oregon 
pine  treated  with  carbolineum  paint  is  being  substituted  for 
native  timber.  It  has  been  found  that  it  lasts  longer,  is  easier 
to  handle,  and  costs  less,  the  cost  being  1.10  pesos  per  ton  of 
ore  mined. 


^Min.  Resources  P.  I.  for  1910,  Bur.  Set.,  Div.  Min.  (1911),  10. 
'  Min.  Resources  P.  I.  for  1911,  Bur.  Sei.,  Div.  Min.  (1912),  4. 
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aOW  SHEET  OF  COLORADO  MILL 

i i 
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1  8  by  8  foot  grizzly. 

2  10  by  20  inch  Blacke  crusher. 

3  ore  bin. 

4  20  stamps  \  Challense  feeders. 

5  Dorr  classifier. 

6  two  5  by  18  foot  tube  mills. 

7  air  lift. 

7a  bucket  elevator. 

8  28  by  14  foot  Dorr  thickener. 

9  two  pachuca  tanks  (not  in  use). 

10  28  by  14  foot  Dorr  thickener. 

11  20  by  8  foot  Trayk>r  agiUtor. 

12  two  11  by  6  by  8  foot  Oliver  filters. 

13  wet  vacuum  pump. 


14  dry  vacuum  pump. 

15  12  by  10  foot  solution  tank. 

16  5  by  8  inch  Triplex  pump. 

17  10  by  12  foot  Grold  solution  tank. 

18  28  by  14  foot  Dorr  thickener. 

19  Triplex  pump   (not  in  use>. 

20  28  by  14  foot  storasre  tank. 

21  6  by  6  foot  overflow  tank. 

22  sold  solution  tank. 

23  three  sets  7-compartment  rinc-boxes. 

24  clarifying  box. 

25  two  sets  sine-boxes. 

26  20  by  8  foot  barren  solution  tank. 

27  solution  pump. 


Flo.  2.     Flow  sheet  of  Colorado  mill. 
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The  capacity  of  the  miU '  varies,  but  approximates  100  tons 
a  day.  It  will  jio  doubt  increase  as  improvements  are  made. 
One  of  the  most  important  alterations  is  the  introduction  of  a 
filter  of  another  type  to  replace  the  Oliver.  With  this  the  super- 
intendent, Mr.  Filteau,  expects  an  increase  in  the  amount  of  ore 
treated,  the  percentage  extraction,  and  a  longer  and  more  com- 
plete wash.* 

The  screens  in  the  batteries  have  been  changed  from  6-mesh 
to  4,  giving  the  stamps  a  larger  capacity. 

The  Dorr  thickeners,  arranged  in  series,  have  been  increased 
to  3.  Formerly  the  underflow  from  the  first  thickener  entered 
2  Pachuca  tanks  where  it  received  air  agitation.  Since  about  90 
per  cent  of  the  gold  goes  into  solution  before  it  reaches  these 
tanks,  it  was  thought  advisable  to  run  without  them.  Now  that 
they  have  been  cut  out,  it  does  not  seem  that  the  extraction  is 
decreased  appreciably.  The  pulp  instead  of  entering  the  Par 
chucas  meets  the  barren  solution  from  the  upper  zinc-boxes  and 
is  conveyed  by  a  launder  to  the  second  thickener.  The  dilution 
of  the  pulp  is  not  as  great  as  formerly,  the  reason  given  is  that 
the  slimes  are  slow  in  settling  in  the  thickeners.  The  cost  of 
cyanide  and  lime  is  about  0.75  peso  per  ton  of  ore  treated. 

In  the  near  future  one  can  expect  other  changes  in  the  Colorado 
mine  which  will  tend  toward  larger  capacity  and  reduction  in 
expenses. 

The  following  figures  were  taken  from  the  annual  report  of 
the  Colorado  Mining  Company  for  the  year  ending  December 
31,  1912: 

Tons. 

Ore  mined 31,417 

Ore  from  dump  1,752 

Ore  milled  33,169 

Ore  averages  pesos  per  ton 23.06 

Cost  per  ton,  Pe»o«. 

Development  ...- 0.602 

Stoping   4.295 

Milling    6.577 

General  and  marketing 0.532 

Total   operating   expenses 11.006 

•The  screen  test  of  the  classifier  sands  [Mm.  Resources  P,  /.  for  1911, 
Bur.  Sci,,  Div,  Min.  (1912),  11]  as  submitted  to  us  for  publication  was  in 
error  and  the  conclusion  drawn  therefrom  that  the  Dorr  classifier  was  not 
classifying  properly  must  be  modified.  In  addition,  it  should  be  understood 
that  the  cost  of  the  mill,  stated  on  page  14  to  be  excessive,  was  due  to  local 
conditions  and  does  not  reflect  upon  the  management. — P.  R.  Panning. 

^This  should  not  be  taken  as  a  reflection  on  the  Oliver;  it  only  means 
that  it  is  not  altogether  suitable  to  the  conditions  found  here. 
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Development  work. 

rcct. 

Winzes 96 

Raises  616 

Drifts 1,312 

Crosscuts    158 

Total   2,182 


T«r,«  Value 

T^"«-     I  per  ton.  , 

Pesos. 
I    Orereserves j    217,215;      21.64 

At  the  rate  of  36,000  tons  mined  a  year,  there  is  an  ore  reserve 
for  six  years. 

SYNDICATE  MINE 

A  cyanide  mill  is  being  erected  on  the  Syndicate  property. 
When  completed  it  will  have  a  capacity  of  100  tons.  The 
process  of  extracting  the  gold  is  the  all-sliming  continuous 
decantation  method.  The  crushing  and  grinding  of  the  ore  is 
accomplished  in  four  stages. 

The  ore  is  to  be  conveyed  from  the  mine  by  skips  on  a  surface- 
gravity  three-rail  tram  which  is  operated  in  balance.  On  its 
arrival  at  the  mill  it  is  dumped  on  a  3-inch  grizzly  which  feeds 
the  oversize  to  a  Sturtevant  roller  jaw  crusher,  while  the  under- 
size  with  the  product  of  the  crusher  falls  on  a  belt  conveyor  and 
is  carried  to  the  ore  bin.  From  the  ore  bin  the  ore  goes  to  a 
Hardinge  ball  mill,  the  product  of  which  is  carried  by  a  launder 
and  air  lift  to  the  classifier.  The  slimes  from  the  classifier  go 
to  the  first  thickener,  while  the  oversize  is  fed  to  2  Hardinge 
pebble  mills.  The  product  of  these  mills  is  carried  back  by 
launders  to  the  same  air  lift  which  raises  it  again  to  the  class- 
ifier to  be  reclassified. 

Since  the  flow  sheet  (fig.  3)  shows  clearly  the  stages  of  the 
process,  very  little  explanation  will  be  necessary.  The  overfiow 
from  thickeners  1  and  2,  being  the  rich  solution  after  clarification, 
goes  to  the  zinc-boxes.  The  barren  solution  from  the  boxes  is 
pumped  to  the  storage  tank  35  feet  above  the  tube  mill  floor,  and 
is  used  to  dilute  thickeners  3  and  4  and,  if  necessary,  a  portion 
of  5.  The  overflow  decanted  from  thickeners  3,  4,  and  5,  being 
low  grade,  does  not  pass  through  the  zinc-boxes-  It  is  pumped 
like  the  barren  solution  to  the  low-grade  storage  tank,  and  is 
used  in  the  ball  and  pebble  mills.  It  is  used  for  dilution  in  the 
launders  (5:1),  the  dilute  pulp  going  to  the  classifier  and  then 
to  thickener  1,  and  it  also  dilutes  thickener  2  (about  4:1).     The 


29 


1  8-foot  grizzly. 

2  Blake  rock  crusher  to  4  inches. 

3  i-inch  grizzly. 

4  Sturtevant  roller  jaw  crusher  to  1  inch. 

5  ore  bin. 

6  Hardinge  haU  mill  6  feet  by  16  inches. 

7  Dorr  classifier. 

8  Hardinge  pebble  mill  6  by  6  feet. 

9  Hardinge  pebble  mill  6  by  6  feet. 

10  Dorr  thickener  12  by  80  feet. 

11  Dorr  thickener  12  by  30  feet. 

12  Dorr  thickener  12  by  80  feet. 

13  Dorr  thickener  9  by  80  feet. 

14  Dorr  thickener  9  by  80  feet. 


15  rich  gold  solution  tank. 

16  clarifying  filter  press. 

17  zinc-boxes. 

18  rich  gold  sump  tank. 

19  low  grade  solution  sump. 

20  barren  solution  sump. 

21  pump. 

22  pump. 

23  k>w  grade  solution  tank. 

24  barren  solution  tank. 

25  roasting  furnace. 

26  melting  furnace. 

27  air  lift. 


Flo.  3.     Flow  sheet  of  Syndioate  mill. 
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discharged  thickened  pulp  from  No.  1  is  diluted  and  raised  over 
to  No.  2  in  one  operation  by  an  adapted  hydraulic  elevator,  using 
the  low-grade  solution  from  the  storage  tank,  which  gives  a  35- 
foot  head.  Thickeners  3  and  4  are  diluted  in  the  same  way, 
except  instead  of  the  low-grade  solution  the  barren  solution  is 
used  as  stated  above.  Air  lifts  to  be  used  if  necessary  will 
probably  be  placed  between  all  thickeners.  No.  5  is  diluted  by 
using  as  much  water  as  possible,  this  being  governed  by  the 
amount  necessary  to  replace  the  discharged  solution,  while  the 
balance  is  made  up  by  a  weak  cyanide  solution.  It  should  be 
observed  that  each  thickener  is  diluted  separately  from  the 
storage  tanks  and  that  the  solution  flow  is  not  against  the  pulp 
flow.  The  first  three  thickeners  are  deeper  than  Nos.  4  and  5, 
to  permit  the  use  of  more  wash  solution. 

The  power  plant  will  consist  of  a  Benz  Diesel  engine,  using 
crude  oil. 

KEYSTONE  MINE 

A  mill  is  being  constructed  upon  this  property  under  the  super- 
intendence of  Mr.  A.  C.  Cavender.  The  plant  consists  of  crusher, 
two  10-foot  Lane  slow-speed  mills,  4  Dorr  thickeners,  and 
necessary  stock  solution  and  supply  tanks,  all  driven  by  a  60- 
horsepower  Bolinder  internal  combustion  (crude  oil)  engine, 
with  a  15-horsepower  Remington  as  auxiliary  for  stirring  ma- 
chinery, electric  light,  etc. 

This  plant  is  expected  to  grind  from  60  to  80  tons  per  day 
to  100-mesh,  tests  of  the  ore  by  Von  Schulz  and  Low,  of  Denver, 
having  determined  an  extraction  of  93.4  per  cent  of  values 
at  that  degree  of  fineness.  The  flow  sheet  shows  continuous 
decantation  to  be  the  process,  the  thickened  slimes  from  one 
thickener  being  diluted  in  the  next  thickener  by  the  clear  solu- 
tion from  the  thickener  next  below,  thus  the  pulp  running  in 
one  direction  and  decreasing  in  values  meets  the  solution  going 
in  the  opposite  direction  and  increasing  in  values. 

It  is  to  be  noted  that  work  upon  the  construction  of  this 
plant  was  commenced  March  1  of  this  year,  and  at  time  of 
writing  (August  21)  the  mill  is  expected  to  be  in  operation 
on  or  before  September  1,  or  six  months  from  date  of  com- 
mencement of  construction. 

When  the  Syndicate  and  the  Keystone  mills  are  completed 
there  will  be  three  mills  in  operation  in  one  locality  all  using 
the  all-sliming  cynide  process  with  different  machinery.  It  will 
be  not  only  interesting  to  note  the  results,  but  also  of  great 
importance  to  the  erection  of  future  mills  in  the  Islands. 


BAGUIO  DISTRICT » 
By  Warren  D.  Smith 

The  Baguio  district  has  not  yet  (June,  1913)  recovered  from 
the  disastrous  typhoon  of  October,  1909,  which  could  not  be 
anticipated,  and  from  ill-advised  expenditures  on  two  or  three 
unproved  properties.  However,  the  lessons  taught  by  this  dis- 
aster and  these  mistakes  will  be  of  great  value  to  future 
operators. 

During  the  year  development  work  has  proceeded  slowly  on 
the  Kelly  group  of  claims  on  Gold  Creek,  but  practically  all 
other  work  along  this  stream  has  been  suspended.  Previous 
to  this  year,  Mr.  Colgan,  a  pioneer  prospector  of  the  country, 
was  doing  prospecting  on  a  group  of  claims  known  as  the 
Madison  and  Antamok  Valley,  farther  down  this  stream,  but 
his  death  has  stopped  this  work  for  a  time. 

The  Major  mine,  situated  on  Major  Creek,  has  been  closed 
down  for  some  time,  and  but  little  more  than  assessment  work  has 
been  done  on  that  group  of  claims. 

Mr.  Calvin  Horr  continues  his  development  work  on  the 
Ascension  group  of  claims  on  Kias  Ridge. 

All  work  has  been  abandoned  on  the  Bua  property  on  the 
Antamok  River,  but  across  the  stream  the  3-stamp  mill  on  the 
Camote  property  is  still  being  operated  by  Mr.  John  F.  Reavis. 
Mr.  Reavis  installed  a  small  cyanide  plant  which  he  operated 
for  a  time,  but  he  has  since  abandoned  it. 

Farther  up  the  Antamok  River  there  are  2  stamp  mills,  the 
first  one  is  the  3-stamp  mill,  made  by  the  local  firm  of  Taylor 
&  Co.,  which  is  being  operated  by  Messrs.  Ebert  and  Proback. 
They  brought  down  their  first  bar  of  bullion  in  the  early  part  of 
December.  As  they  are  only  using  amalgamation,  the  recovery 
is  not  high.  The  energy  and  persistence  which  has  characterized 
the  work  of  these  men,  operating  under  considerable  difficulties, 
is  greatly  to  be  commended. 

Above  this  mill  is  located  the  well-known  Headwaters  property 
which  has  had  a  checkered  career,  passing  from  one  management 
to  another  in  rapid  succession.  The  present  management, 
Messrs.  Smith,  Bell  &  Co.,  Manila,  is  making  every  effort  to 

^  Full  descriptions  of  this  district  have  appeared  in  previous  issues  of 
The  Mineral  Resources  and  in  The  Philippine  Journal  of  Science. 
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place  this  company  on  a  sound  financial  basis,  but  it  must  be 
said  in  justice  to  them  that  they  are  working  under  considerable 
difficulty  and  that  the  elaborate  equipment  of  the  mill  is  about 
a  year  ahead  of  that  warranted  by  the  state  of  the  mine.  They 
have  difficulty  in  keeping  the  mill  supplied  with  ore.  The  latter 
has  been  overhauled,  and  it  seems  to  be  doing  well  under  the 
supervision  of  Mr.  Aitken  in  spite  of  having  td  operate  without 
the  filter.  The  mechanism  of  the  filter  was  too  complicated  to 
use  here.  It  has  been  abandoned,  and  the  company  will  probably 
install  one  of  a  different  type.  This  company  is  now  working 
in  a  tunnel  known  as  B  No.  2.  The  behavior  of  the  vein  in  this 
tunnel  is  not  very  encouraging  as  it  pinches  down  to  only  a  few 
inches  in  places  and  then  widens  perhaps  to  several  feet.  The 
gangue  is  quartz  and  calcite  with  more  or  less  manganese.  The 
strike  is  north  65°  east  with  dip  to  the  north. 

The  most  serious  and  immediate  difficulty  at  the  mine  is  a 
shortage  of  timber.  The  original  locators  of  this  property  were 
singularly  negligent  in  not  acquiring  sufficient  timber  ground 
adjacent  to  their  claims,  and  practically  all  the  timber  on  their 
claims  has  been  cut  off.  The  claims  on  which  timber  is  situated 
are  in  the  possession  of  others,  and  up  to  this  time  no  acceptable 
terms  have  been  arranged.  If  some  arrangement  can  be  made, 
the  work  of  the  mine  will  not  be  interfered  with. 

At  the  close  of  each  rainy  season,  the  Headwaters  Company  has 
to  resort  to  gasoline  as  a  source  of  power.  The  cost  of  gasoline 
in  this  district  is  too  great  to  justify  its  permanent  utilization 
as  fuel  for  any  but  very  rich  ore. 

A  recent  visit  to  this  district  has  shown  that  there  is  impera- 
tive need  for  a  mine  warden  in  the  district  to  supervise  the 
locating  and  recording  of  mining  claims. 

This  district  will  recover  in  time,  but  before  then  several 
things  are  necessary:  (1)  More  bona  fide  mining  men  and  fewer 
speculators  in  the  district,  (2)  capital,  (3)  consolidation,  and 
(4)  a  hydroelectric  power  plant  on  either  the  Agno  or  the 
Antamok  River. 

The  practice  of  indiscriminate  staking  of  claims  all  over  the 
hillside,  where  there  is  very  little  prospect  of  finding  valuable 
lodes,  is  undesirable,  and  it  is  hoped  that  the  Government  will 
take  measures  to  prevent  the  staking  of  claims  purely  for  timber 
rights.  A  stringent  tax  on  locations  ought  to  prevent  future 
cases  of  this  nature. 
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OTHER  DISTRICTS 
By  F.  T.  Eddingfield 

Umerai  district — This  district  is  located  in  the  northern  part 
of  Tayabas  Province  along  the  Umerai  River  and  its  tributaries, 
especially  along  the  Angelo  branch.  The  Umerai  River,  which 
rises  about  70  kilometers  northeast  from  Manila  near  the 
boundary  line  between  Bulacan  and  Tayabas,  flows  west  of  north 
and  empties  into  the  southern  part  of  Dingalan  Bay.  It  is  called 
Rio  Umerai  o  Umierey  on  d'Almonte's  map.  Apparently  gold 
had  not  been  found  at  that  time.  This,  I  believe,  is  the  only 
important  district  that  had  not  been  previously  discovered  by 
the  Spaniards  and  marked  upon  this  map. 

Gold  was  first  reported  from  here  by  a  party  sent  out  by 
Messrs.  Squires,  of  Squires  and  Bingham,  Manila,  who  now  hold 
19  claims  near  the  mouth  of  the  river.  Soon  afterward  Mr.  A. 
Heise  located  a  large  number  of  claims,  part  on  the  flat  above 
the  Squires'  holdings,  but  the  majority  along  the  Angelo  branch 
of  the  Umerai.  These  claims  are  held  by  the  Luzon  Gold 
Company.  A  large  portion  of  this  ground  is  suitable  for 
hydraulic  working  of  the  placers ;  in  fact,  sufficient  experimental 
work  has  been  done  with  a  small  hydraulic  plant  to  prove  its 
economy.  One  of  the  largest  nuggets  discovered  since  American 
occupation  was  found  on  this  ground;  its  weight  was  about  30 
grams.  This  company  claims  to  have  2,000  acres  of  dredging 
ground. 

A  portion  of  the  Squires'  property  was  thoroughly  tested  by 
an  Australian  company,  and,  while  no  definite  figures  have  been 
given  out,  it  has  been  reported  to  run  better  than  a  ''shilling 
a  cubic  yard.'*  This  company  is  said  to  have  contracted  to  place 
a  dredge  on  the  property  by  September  1,  1913. 

Mountain  Province, — Some  renewed  interest  of  late  has  been 
taken  in  the  Mancayan  copper  deposit.  It  appears  to  be  valu- 
able enough  for  economical  mining,  and  is  only  handicapped  by 
the  diflSculties  of  transportation  and  fuel. 

Nueva  Ecija. — Prospecting  is  still  being  carried  on  in  placer 
ground  and  in  quartz  veins.  Two  large  veins  are  reported  near 
the  head  of  the  Chico  River. 

Zambales. — A  few  prospects  have  been  found  carrying  gold 
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and  copper.  Very  little  prospecting  has  been  done  in  the  moun- 
tains of  this  province,  but  they  appear  favorable  for  ore  deposits. 

Mindanao, — The  Cansuran  placer  deposit  has  been  tested  in 
part  by  Mr.  H.  Y.  Hanlon  who  reported  that  325  acres  of 
tested  ground  ran  44  centavos  per  cubic  yard.  He  reports 
2,627  acres  of  possible  workable  ground  out  of  which  he  examined 
1,920  acres.  These  figures  check  very  closely  with  the  estimate 
made  by  the  Bureau  of  Science  in  1912  and  published  in  The 
Mineral  Resources.  This  property  has  been  taken  over  by  a  local 
company  called  the  Cansuran  Placer  Company,  with  a  capital 
stock  of  1,000,000  pesos. 

The  placers  along  various  branches  of  the  Agusan  River  are 
also  receiving  some  attention.  Mr.  A.  Heise  has  recently  gone 
to  test  property  located  by  Captain  Wilson. 

Very  little  has  been  heard  from  Misamis,  but  several  rumors 
are  afloat  concerning  good  findings  in  the  Pigtao  district. 

Marinduque. — ^Very  little  work  has  been  done  on  this  island. 
However,  several  lead-silver  deposits  have  been  discovered  which 
may  prove  to  be  valuable. 

The  finding  of  valuable  placer  deposits  at  Cansuran  and  Ume- 
rai  and  the  formation  of  large  companies  in  Paracale  have  stim- 
ulated placer  prospecting.  Several  prospectors  are  working 
along  the  east  coast  of  Luzon  which  appears  to  be  favorable  for 
placer  deposits.  Very  little  prospecting  has  been  carried  on 
north  of  Dingalan  Bay  on  account  of  the  inaccessibility  of  the 
country.  This  part  of  the  country  presents  a  very  good  field  for 
investigation. 


THE  IRON  INDUSTRY  IN  1912 
By  F.  A.  Dalburg 

The  iron  industry  in  the  Philippine  Islands  during  1912  shows 
a  great  increase  over  all  previous  years.  The  total  value  of  iron 
produced  in  1912  was  49,272  pesos.  This  figure  represents  an 
increase  of  20,113  pesos  over  1911,  and  exceeds  the  production 
of  the  previous  best  year,  1909,  by  18,194  pesos.  These  figures 
represent  the  value  of  plowshares  and  points  cast  directly  from 
the  furnace. 

In  Table  I  are  given  the  metric  tons  of  iron  ore  mined  and 
metallic  iron  produced  from  1907  to  1912,  inclusive: 

Table  I. — Production  of  iron  ore  and  iron  castings,  1907  to  1912,  in  metric 

tons. 


'Tn^ 


19()7  380.0 

1908. 289.5 

1909 234.0 

1910..-. 160.0 

1911 219.0 


Iron  catt> 
inirs  pro- 
duced. 


132. 0. 
96.6 
78.0 
50.0 
78.0 


1912  - .- -!  352.5J  Ul.O 

I 

During  the  year  several  furnaces  have  been  abandoned,  but 
a  corresponding  number  of  new  furnaces  nearer  the  charcoal 
supply  have  been  built.  Several  new  operators  are  consti-ucting 
furnaces  which  will  probably  be  in  operation  during  1913. 

A  general  resume  of  the  iron  industry  as  obtained  from  the 
mine  reports  is  given  in  Table  11. 

Table  II. — Mines  report  of  iron  production  for  1912. 

Plowshares : 

First  size  pairs...  7,407i 

Second  size  do 5,032^ 

Third  size  do 8,649 

Plow  points  do 18,171i 

Ore  used  metric  tons....  362.5 

Charcoal : 

Kilns  fired  47 

Metric  tons  used 684.6 

Furnaces  in  operation 13 

Times  in  blast  (all  furnaces) 53 

Days  in  blast  (all  furnaces) 558 

Iron  produced  metric  tons....  141 

Market  value  of  product. pesos....  49,272 
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The  iron  produced  in  the  Philippines  is  used  solely  for  the 
manufacture  of  plow  castings.  No  other  implements  and  no  pig 
iron  are  produced.  Locally,  the  small  Chinese  foundries  also 
produce  plow  castings,  pans  (cauas)  for  boiling  sugar,  and 
frying  pans  from  old  iron  scrap  and  imported  pig  iron.  The 
larger  foundries  all  use  pig  iron  and  scrap  iron  with  some  ferro- 
manganese,  and  make  castings  of  all  kinds. 

The  Insular  Collector  of  Customs  has  furnished  the  following 
quantity  and  value  of  pig  iron  imported  through  the  various 
entry  ports  of  the  Philippine  Islands  during  the  fiscal  year  ended 
June  30, 1912: 

Fort.  Quantity.     Value. 

J 

M.  toiiH.  PexoH. 

Manila -                                                     .       .                                       1.528  48,552 

Cebu 5  19<) 

i     Iloilo     ... 182  8.278 

j  Total 1,715       57,()20     | 

Of  the  total  quantity,  1,682  metric  tons,  valued  at  55,980  pesos, 
were  imported  from  the  United  Kingdom,  while  the  balance  of 
33  metric  tons,  valued  at  1,040  pesos,  came  from  the  United 
States. 

The  principal  grades  of  pig  iron  imported  at  the  port  of  Ma- 
nila are  *'Gavan^'  Nos.  1  and  3;  ^'Redjar;*'  ^^Cambroc^'  No.  8; 
'^Gartsherie"  Nos.  1  and  3;  and  ^'Cleveland." 

It  is  impossible  to  show  the  value  and  quantity  of  products 
obtained  from  the  second  fusion  in  the  foundries  as  a  consider- 
able number  of  castings  are  of  special  design  and  no  statistics 
are  available  from  the  manufacturers. 
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In  Table  III  are  given  the  total  imports  of  iron  and  steel  goods 
for  the  years  1909  to  1912  inclusive,  as  compiled  from  the  annual 
reports  of  the  Insular  Collector  of  Customs. 

Table  III. — Imports  of  tron  ami  steel  goods. 


lUOU 


Twelve  rnonthB.  endinR  June  'M\. 
1010  1011 


Quan-      y  ,  Quan-  \    ^   ,  Quan-      y  ,  Quan- 

tity.       ^"'"*^-        tity.        ^*'"^-        tUy.        ^*^'"^-        tJty. 


loie 

Value. 


Tons.  PpHOH.     j   Tons.  Pesos.  Tons.  Prstts.  ;   Tons.  Prsos. 

PiKJron                                    222  21.762       1,2;J4         39,876  1,326         53.076  1     1.715  ■  57,  (CO 

Bar  iron                                2.148  152,892  2.249  126.570  2.992  185.146  2,568  138,940 

Bars  and  nxlHof  Bteel        1.990  15:^.684  4.208  319.694  7.562  558. 5:V2  14,  («»0  880.896 
Rails: 

431  44.508           438         31,666  ...         \  i  - 

Mii  25.250  11,783;  687.706  5.09:M  36:^,812  11.564'  698.446 


Iron 

Steel         

Sheets  and  plates: 
Iron 

Steel 

Structural    iron    and 

steel 
All  other  manufact- 
ures   


.541  i     711.724       8,348    1,069.318  '  11,183  jl,  560, 752      12.797  ,  1,686.710 
.125:      98.078       1.221        K)9.74o'     1,48:^^     1(W.504        1.399         108.926 


1.  154  i  139.480 

.2.518.646 

I 


588    51.052   4.128   4;U<.  268    1.581    135.838 
4, 176. 868        8.  506. 364     .   ^  8, 356, 430 

SUMMARY. 


1010 


1011 


lOli 


Uniteti  States 

All  other  countries  . 


Pesos. 
1,637.096 
2.228,968  ; 

3.866,064  !  6.611,390  11,774,454  !  12. 063, 206 


Pesos.  l*esos.  Pesos. 

3,940,980   7,819, 122  i  8,601,664 
2,670,410   .3,956,332  3,661,652 


COAL  MINING  IN  1912 
By  F.  A.  Dalburg 

The  year  1912,  as  recorded  in  its  production  of  coal,  showed  a 
great  depression  from  20,000  tons  for  1911  to  2,720  tons  for 
1912.  The  cause  for  this  decrease  was  that  the  mine  of  the 
East  Batan  Coal  Company,  the  principal  source  of  production, 
has  been  in  the  hands  of  a  receiver  since  May,  1911,  and  was 
finally  forced  to  close  down.  The  assignee  for  the  company 
worked  unremittingly  in  an  attempt  to  reorganize  the  corpora- 
tion and  secure  funds  for  proper  working  of  the  mine.  How- 
ever, the  upkeep  of  the  mine  was  such  a  source  of  expense  that 
it  was  finally  sold  at  public  auction  to  the  Government  of  the 
Philippine  Islands  for  the  sum  of  21,000  pesos,  the  amount  of  its 
preferred  claim.  Since  August,  1912,  all  tracks  and  pumps  have 
been  removed  from  the  mine,  and  it  is  now  full  of  water.  The 
primary  cause  for  the  failure  of  the  East  Batan  Mine  was  in- 
sufficient development  underground  and  too  much  expense  on 
the  surface  plant.  It  is  probable  that  the  seam  cannot  again  be 
mined  from  the  old  workings,  but  will  have  to  be  opened  by  an 
entirely  new  slope. 

Another  cause  for  the  depression  in  the  coal  industry  was  the 
closing  of  the  Camansi  mine  in  Cebu  due  to  the  typhoon  of 
October,  1912,  which  destroyed  part  of  the  railway  and  buildings. 
The  mine  has  not  been  worked  since  that  time. 

At  present,  with  the  exception  of  some  preliminary  prospect- 
ing work,  the  coal-mining  industry  is  at  a  standstill. 

The  failure  of  the  mines  at  this  time  is  decidedly  inopportune. 
The  Bureau  of  Science  has  just  installed  a  67-horsepower  Otto 
gas-producer  plant  made  by  Gasmotoren  Fabrick  Deutz.  The 
plant  consists  of  a  generator  and  a  producer-gas  engine  with 
direct-coupled  dynamo,  and  forms  one  of  the  regular  power  units 
of  the  Bureau  of  Science.  The  plant  is  being  operated  exclu- 
sively and  regularly  on  Batan  coal  and  uses  this  fuel  successfully 
to  furnish  cheap  power. 

The  Manila  Gas  Corporation  expects  to  have  its  gas  works 
completed  in  October.  The  annual  capacity  of  the  plant  is  to  be 
4,000,000  cubic  meters  of  coal  gas,  and  this  output  can  be  doubled 
at  any  time.  Provision  will  also  be  made  for  producing  water 
gas  and  for  saving  the  by-products — ammonia,  coke,  and  sul- 
88 


39 

phuric  acid.  Coking  coal  will  have  to  be  imported,  but  no  doubt 
Philippine  coal  could  be  used  for  the  generation  of  gas. 

In  Table  I,  the  quantity  and  value  of  coal  and  coke  imported 
into  the  Philippine  Islands  since  1909  are  given. 

In  Table  II,  the  total  production  since  1842  is  shown. 

Table  I. — Coal  and  coke  imported  into  the  Philippine  Islands ^  1909  to  191t, 
COAL   (SUBJECT  TO  DUTY). 


Ck)untry. 


China 

48 

East  Indies: 

British 

l.fiOl 

Dutch  . 

French     .. 

32 

Japan 

2*X\ 

Australia   .   .. 

171, H66 

Total 


t»12* 


Weight.!    Value.     Weight.    Value.    Weight.    Value.    Weight.      Value. 

\f.  tonifj     Frs<m.      hi.  totat.      I'fttoH.      M.  ttntn.     l*rmtH.      M.  foni*.        l*rttti«. 
26(1  no  1.21H  1  r>  6  AO 


1 1 .  692      26, 20(»  164,  Z\()  1 7.  Wit      \m.  1 10  f..  (r»2       22. 434 

1.295  8,676  S.617       Wl.lU)  ■ 

a88     .    .    .       .  :  ■  -   -     ■                  -            ■     i -   - • 

2,114     101, 6i«  K2:<.  114  166,4261,303,692  299.874  1.688.606 

171,866       908.476    178,755  947.646  2:«.  176 1. 144.830  124.8161     616.776 


173.835       922.9;iO    307. 983  1. 944. 682i    413.736  2,594.788    429.788  2.227,856 

, _[_  ;  _] 

■  Twelve  months  ending  June  80. 
COKE   (SUBJECT  TO  DUTY). 


United  States 
United  Kingdom  . 

China 

Hongkong. 

Japan  

Australia.. 

Total 


M.  tnttH. 

59 
25 


343 


734  4 

686 

1 

260  11 

322  26;^ 

4. 90()  759 


i'vHOH.      M.   tout*. 

144  160 

10 

2 

'29 

170 


444 


6,902 


3() 

526 

4.678 

10. 100 

1.0.38       15.138 


I'VHUt*.        M.    ttWM. 

4.  :i86  250 


1,168 
1.529 


310 
62 

3,070 
17. 812 


57 

101 

15 

228 

1. 149 


26,644         1,800 


I'CHOIt. 

4.986 
1.  740 
2.386 
450 
3, 572 
15.928 

29. 012 


COAL   (FREE  OF  DUTY). 


Importer. 


n*oo»  iiHo-  iflii*  iftis* 

Weight.     Value.     Weight.    Value.    Weight.    Value.    Weight.      Value. 


M.  tons.      PeHOH.      M.  toym.  Pesos.     M.  tons.  Pesos.    M.  tons.  Pesos. 

Manila  Railroad  Co  . .  2.019         11,642        3.203  17.218  2.468       12.790  B.bW  86.866    | 

Philippine  Railway  Co.  8.292         42.154      12.307  81.944  8.123       47.3f4'  ,  ... 

Insular  Government -.      40.519    ^243.114  J.     

United  States  Govern-  .  j                  ,                i  j 

ment '  173, 781  bl.  042. 686    104.064  644,166  93.999  602,086  25;  784    | 

Total ■  224,611.1.339.5961    119,564  743,328;  104,590  5e2,230|  6,924  36,140     \ 


■  Twelve  months  ending  June  80. 


»» Estimated. 
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Table  I. — Coal  and  coke  imported,  etc.,  1909  to  1912 — Continued. 

SUMMARY  OF  COAL  CONSUMPTION  OF  THE  PHILIPPINE  ISLANDS. 


I 


Imported: 

Subject  to  duty 
Free  of  duty 

Produced  in  the  Phil- 
ippines  -    .       

Total 


Weight.     Value.     Weight. 


\f.  tdtift.      PeHOH.      M.  tons. 


Value.    Weight.    Value.    Weight.      Value. 


Penos.     M.  tons.     Pesos.     M.  tons.       Pesos. 


173,8,35       922,930    307,983  1,944,682    41.3,736  2.594.788    429.787  2,227.856 


224,611    1,. 339, 596     119.564 


30. 336       197. 184      27. 969 


743.328     104,590     562,2,30        6,924 


176.255      20.  (KM)     130.  (KM)        2.720 


36. 140 
20. 2(K) 


428.  782   2.  459.  710    455.  516  2. 864. 265    548.  .326  3, 287. 018    439.  431  2. 284, 196 
•  Twelve  months  ending  June  30. 

Table  II. — Coal  production  of  the  Philippine  Islands  from  1842  to  1912, 


Years.  Weight.    I      Value, 

M.  tons. 

1842-1906 •.30.000 

1907.--- .      4.123 

1908 10.035 

1909..-- 30,336 

1910.   - 28.655 

1911 20.000 

1912 2.720 

•  Estimated. 


Pesos.  i 

450.000  j 

26,800  ; 

77, 166  ! 

197, 184  I 

176,255  ' 
130, 000 

20,200 


Incre«»f. 

Decrease. 

Ittll 

l»lt* 

Amount. 

Per 

cent. 

Amount. 

Per 
cent. 

1','HOft. 

!'rHOH. 

Pt'HOH. 

/Vl»f»H. 

130.  (KK) 

20, 2(K» 

109. 8(K» 

85 

450,  (XK) 

453. 0(K) 

3. (KK> 

0.7 

yo.ooo 

92,026 

2. 02(> 

2.2 

477.344 

468,  750 

8.694 

1.8 

655.795 

661.049 

4.746 

0.8 

550,  (KX) 

574.511 

24.511 

4.6 

60,  (KK) 

55,  849 

4.  isi 

6.9 

2,413,139 

2. 315,  :i85 

97.754 

4.05 

THE  PRODUCTION  OF  NONMETALS  IN  1912 

By  Wallace  E.  Pratt 

Table  I. — Comparative  production  of  noninetaU  in  1911  and  1912. 


Commodity. 


Coal 

Clay  products 

Lime 

Sand  and  srravel 

Stone 

Salt 

Mineral  waters. . 

Total 


Owing  principally  to  the  recent  inactivity  in  coal  mining,  the 
production  of  nonmetals  in  1912  fell  slightly  below  that  for  the 
preceding  year. 

Coal, — The  principal  coal  mine  in  the  Archipelago  reports  no 
production  in  1912.  This  mine  has  been  described  in  previous 
numbers  of  The  Mineral  Resources  and  its  present  condition  is 
discussed  on  page  38. 

The  small  production  reported  comes  from  the  Island  of  Cebu. 
The  Cebu  coal  is  better  than  the  average  Philippine  coal  in  qual- 
ity, but  has  not  been  developed  on  a  large  scale.  Exploratory 
work  is  in  progress  in  the  Uling  district  in  Cebu,  where  a  great 
deal  of  prospecting  was  done  between  1860  and  1870.  This  local- 
ity was  repeatedly  pronounced  by  the  eminent  Spanish  engineer, 
Don  Enrique  Abella  y  Casariego,  to  be  the  most  promising  in. 
the  Archipelago,  and  was  made  the  subject  of  a  special  conces- 
sion involving  financial  support  by  the  Spanish  Government  just 
prior  to  the  American  occupation. 

Clay  products. — The  household  manufacture  of  earthenware 
and  the  native  and  Chinese  industries  which  produce  common 
brick,  flower  pots,  and  the  large  jars  used  in  the  native  sugar 
industry  and  for  general  receptacles  constitute  the  principal  clay- 
working  industries  of  the  Philippines.  Earlier  numbers  of  The 
Mineral  Resources  have  dealt  extensively  with  these  industries, 
and  there  is  little  to  be  added  now.     The  character  and  quality  of 
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the  output  have  remained  practically  the  same,  and  no  new  pro- 
ducing centers  are  reported. 

Research  concerned  with  the  manufacture  of  a  better  class  of 
products,  especially  vitrified  brick  and  structural  materials,  from 
Philippine  clay  has  been  continued  in  the  Bureau  of  Science  and 
the  ceramic  department  of  the  School  of  Arts  and  Trades  in 
Manila.  The  trade  school  each  year  sends  out  young  Filipinos 
with  a  knowledge  of  clays  and  modem  clay  working,  and  the 
influence  of  these  students  should  result  ultimately  in  the  im- 
provement and  extension  of  the  native  industry. 

The  Iwahig  penal  colony  is  manufacturing  common  brick  for 
its  own  use  and  for  sale  according  to  the  statement  of  the  Direc- 
tor of  the  Bureau  of  Prisons.  The  native  colonists  carry  out  the 
work  under  white  supervision.  An  alluvial  clay  obtained  from 
the  Maclacdao  River  in  the  central  colony  is  used,  and  yields  a 
red  brick  of  fair  quality.  Carabaos  are  employed  to  drive  a  pug 
mill  and  molding  machine  and  to  haul  clay  to  the  mill  and  green 
brick  to  the  single  kiln.  The  kiln  is  fired  about  three  times  a 
month,  and  has  a  capacity  of  25,000  bricks.  The  brick  is  valued 
at  20  pesos  per  thousand.     Wood  serves  for  fuel. 

Aside  from  its  use  for  pottery  and  brick,  clay  is  employed  in 
making  a  cold-water  paint  throughout  the  Islands. 

Lime, — An  increased  demand  for  lime  has  arisen  in  connection 
with  the  operation  of  modem  sugar  mills  erected  during  the  past 
few  years.  Limestone  from  Montalban  has  been  used  in  burning 
lime  for  a  new  mill  at  Muntinlupa,  Rizal  Province.  The  large 
mill  at  Mangarin,  Mindoro,  is  burning  lime  from  limestone  ob- 
tained in  the  vicinity  of  Mangarin.  Several  new  sugar  centrals 
in  Negros  are  including  limekilns  in  the  design  of  their  plants. 
There  is  a  great  deal  of  limestone  on  the  Island  of  Negros  itself, 
but  in  the  past  much  of  the  lime  used  in  the  sugar  industry  in 
Negros  has  been  burned  from  limestone  obtained  on  Guimaras 
Island,  Iloilo  Province.  Lime  for  the  Manila  market  is  obtained 
mainly  from  sea  shells  gathered  and  burned  along  the  adjacent 
shores  of  Manila  Bay  and  in  part  from  pure  crystalline  limestone 
which  occurs  about  6  kilometers  northeast  of  Darangan,  a  barrio 
of  Binangonan,  Rizal.  The  production  at  Darangan  was  for- 
merly much  greater  than  it  is  at  present.  The  limestone  makes 
good  lime,  but  in  the  native  process  of  manufacture  the  product 
becomes  partly  slacked. 

Formerly  the  burning  centered  at  Darangan,  but  on  account 
of  the  scarcity  of  wood  for  fuel  the  limestone  is  now  burned  at 
the  quarry  and  the  lime  transported  to  Darangan.  The  native 
kiln  consists  of  a  circular  hole  in  the  ground  with  a  fireplace  dug 
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out  at  one  side.  The  holes  are  usually  about  1.5  meters  deep, 
varying  in  diameter  from  1  to  4  meters.  The  kiln  is  continued 
above  the  ground  about  1  meter  by  building  up  walls  of  limestone 
or  earth  around  the  perimeter  of  the  hole.  The  kiln  is  charged 
with  wood  and  limestone  together,  the  wood  being  cut  to  short 
lengths  and  the  limestone  broken  into  pieces  varying  in  weight 
up  to  4  kilograms  or  more.  The  larger  pieces  are  frequently  not 
thoroughly  calcined.  The  charge  is  covered  with  a  layer  of  lime- 
stone, and  the  fire  is  started  in  the  hearth.  When  the  burning  is 
complete,  water  is  usually  added  to  break  up  the  larger  pieces  and 
to  hasten  the  cooling  of  the  kiln. 

The  total  production  at  Darangan  during  the  year  1912  was 
probably  less  than  20  metric  tons  of  partly  slacked  lime,  valued 
at  16.50  pesos  per  ton  at  Darangan.  The  lime  is  shipped  in 
cascos,  across  Laguna  de  Bay  and  down  the  Pasig  River,  to 
Manila. 

Sand  and  gravel, — On  account  of  its  proximity  and  consequent 
cheapness,  sand  from  the  Pasig  River  is  used  for  most  of  the 
construction  in  Manila,  although  it  is  not  entirely  satisfactory 
in  quality.  Recently  a  company  has  been  organized  to  take  over 
the  dredging  rights  along  the  Mariquina  River  (tributary  to  the 
Pasig)  where  a  better  sand  will  probably  be  obtained.  An  in- 
teresting feature  of  this  enterprise  is  the  intention  of  the  opera- 
tors to  wash  the  sand  in  order  to  save  a  small  gold  content  which 
it  is  said  to  contain. 

During  a  recent  inspection  of  Lubang  Island  which  lies  off  the 
southwest  coast  of  Luzon  about  130  kilometers  southwest  of 
Manila,  F.  T.  Eddingfield,  of  the  Bureau  of  Science,  noted  ex- 
tensive beaches  of  sharp,  quartz  sand  along  the  coast.  This  sand 
is  fairly  pure  quartz  but  contains  a  small  proportion  of  clear 
feldspars  and  comminuted  sea  shells.  The  quartz  comes  from  a 
quartz-bearing  schist  of  which  part  of  the  island  is  made  up. 
Lubang  has  a  protected  natural  harbor  which  is  readily  accessible 
from  Manila. 

Sand  and  gravel  are  obtained  from  streams  and  seabeaches 
throughout  the  Islands.  Several  hundred  thousand  cubic  meters 
of  sand  were  dredged  from  Manila  Bay  during  the  past  year  to 
be  used  in  filling  in  the  area  to  be  occupied  by  the  new  boulevard 
along  the  south  water  front.  The  cost  of  sand  exclusive  of  trans- 
portation averages  a  little  more  than  30  centavos  per  cubic 
meter,  while  the  corresponding  cost  of  gravel  is  above  1  peso 
per  cubic  meter.  Sand  sells  at  1  peso  per  cubic  meter  and  gravel 
at  2  pesos  per  cubic  meter  in  Manila. 

Stone. — Stone  is  not  much  used  for  modem  building  construe- 
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tion  in  the  Philippines  except  in  inland  districts  like  parts  of 
Mountain  Province  where  the  cost  of  cement  is  prohibitive. 
Limestone  is  used  for  the  construction  of  public  buildings  in 
Mountain  Province.  The  reported  production  outside  of  Moun- 
tain Province  consists  principally  of  rough  stone  used  for  the 
basal  course  of  first-class  roads.  Hand  mills  for  grinding  corn 
are  made  of  limestone  and  andesite  by  native  workmen  in  many 
localities. 

Imports  of  stone  amounted  to  35,424  pesos  in  1912  according 


Los  Banos 


Fig.  4.     Stone  quarries  and  sand  pits  near  Manila. 

to  the  records  of  the  Bureau  of  Customs,  and  included  marble 
for  decorative  purposes,  abrasives  or  whetstones,  small  grinding 
mills,  and  pebbles  for  tube  mills.  A  fine-grained  andesite  or  an- 
desitic  tuff  from  Japan  is  worked  up  into  whetstones,  and  finds 
a  ready  sale  in  the  Philippines. 

Salt — The  extensive  household  industry  of  making  salt  from 
sea  water,  the  manufacture  of  salt  from  the  same  source  by  the 
Chinese,  and  the  evaporation  of  smaller  quantities  of  salt  from 
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saline  spring  waters  was  described  at  length  in  The  Mineral 
Resources  for  1911.  A  normal  increase  in  the  local  production 
is  reported  for  1912.  The  imports  of  salt  for  1912  amounted  to 
42,144  pesos  at  a  value  of  14.8  centavos  per  kilogram.  The 
greater  part  of  the  salt  imported  is  fine  table  salt. 

Cement. — The  investigation  of  local  cement  resources  has  been 
continued  by  the  Bureau  of  Science  and  by  private  capital  during 
the  past  year.  Materials  collected  at  several  of  the  favorable 
manufacturing  sites  recorded  in  the  last  preceding  number  of 
The  Mineral  Resources  have  been  burned  to  satisfactory  cements 
in  the  division  of  general,  inorganic,  and  physical  chemistry  of 
the  Bureau  of  Science.  At  least  two  groups  of  capitalists  are 
considering  the  proposition  of  local  cement  manufacture,  and  it 
is  very  probable  that  a  plant  will  be  erected  ultimately  at  one  of 
the  suggested  locations. 

Cement  imports  were  smaller  in  the  calendar  year  of  1912 
than  in  1911  as  shown  by  the  records  of  the  Bureau  of  Customs. 
During  the  fiscal  year  1913  (July  1,  1912,  to  June  30,  1913), 
cement  to  the  value  of  1,382,200  pesos  was  imported,  while  in 
the  fiscal  year  1912  the  imports  were  only  1,079,498  pesos.  The 
imports  of  Portland  cement  amounted  to  317,769  barrels  valued 
at  1,139,374  pesos  during  the  calendar  year  1910,  383,590  barrels 
valued  at  1,260,792  pesos  in  1911,  and  346,070  barrels  valued 
at  1,036,456  pesos  in  1912.  These  are  invoice  values  on  board 
ship  exclusive  of  import  duty,  and  are  lower  than  values  given 
in  former  numbers  of  The  Mineral  Resources,  which  were  based 
on  the  prevailing  market  prices  of  cement  in  Manila. 

The  import  duty  on  Portland  cement  is  assessed  on  the  weight 
of  cement  and  immediate  container,  at  the  rate  of  32  centavos 
per  100  kilograms,  and  amounts  to  about  58  centavos  per  barrel. 
The  Bureau  of  Supply,  purchasing  cement  in  large  quantities 
for  Government  use,  paid  4.39  pesos  per  barrel  on  the  semiannual 
contract  for  the  first  half  of  the  year  1912,  and  4.64  pesos  per 
barrel  on  the  contract  for  the  last  half  of  that  year.  These 
contracts  were  awarded  to  local  importers  who  were  obliged 
to  pay  import  duty  and  to  deliver  the  cement  on  the  river  front 
in  Manila.  At  about  the  same  time  (latter  part  of  1912)  cement 
was  sold  on  the  general  market  in  Hongkong  and  Shanghai, 
China,  and  Tokyo,  Japan,  at  prices  equivalent  to  4.40,  4.30,  and 
4.20  pesos,  respectively. 

Although  the  principal  imports  continue  to  come  from  Hong- 
kong and  French  Indo  China,  the  proportion  of  European  cement 
imported  has  increased  very  rapidly  during  the  past  three  years, 
having  amounted  to  less  than  7  per  cent  of  the  total  quantity 
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imported  in  1910,  10  per  cent  in  1911,  and  28  per  cent  in  1912. 
In  the  same  period  imports  from  the  United  States  fell  from 
26  per  cent  of  the  total  quantity  in  1910  to  a  small  fraction  of 
1  per  cent  in  1912.  Imports  from  the  countries  in  the  Far 
East  have  ranged  from  more  than  85  per  cent  of  the  total 
quantity  in  former  years  to  66  per  cent  in  1910.  In  1912 
they  amounted  to  about  72  per  cent  of  the  total  importation. 
It  appears  from  these  figures  that  manufacturers  in  the  United 
States  have  lost  interest  in  the  Philippine  market  and  that  plants 
in  the  Orient  have  not  kept  out  European  competition.  The 
capacity  of  any  one  of  several  oriental  plants  is  greater  than 
the  total  Philippine  consumption.  The  explanation  is  that  the 
demand  for  cement  in  the  Orient  generally  is  so  great  and 
prices  are  so  high  outside  the  Philippines  that  the  manufacturers 
in  China,  Japan,  etc.,  find  it  more  profitable  to  sell  their  product 
locally  than  to  export  to  the  Philippines.  Thus,  it  may  be 
deduced  that  a  local  plant,  if  established,  would  not  have  to 
contend  with  a  permanent  lowering  of  selling  prices  by  other 
plants  in  the  Far  East  unless  the  general  market  conditions 
change. 

Petroleum. — Interest  in  the  petroleum  field  on  Bondoc  Penin- 
sula continues  unabated,  but  no  further  drilling  exploration  has 
been  undertaken.  This  district  has  three  shallow  wells,  two  on 
the  Bahay  River  (depths  40  and  100  meters,  respectively)  and 
one  on  the  Vigo  River  (depth  21  meters).  All  three  wells 
encountered  oil  in  small  quantities.  For  a  fuller  report,  see 
page  49. 

The  known  oil  seeps  in  Cebu  (Toledo  and  Alegria  on  the  east 
coast)  are  under  the  control  of  a  local  business  firm,  Messrs. 
Smith,  Bell  &  Co.,  but,  excepting  the  two  wells  drilled  at  Toledo 
before  the  American  occupation,  no  development  has  been  at- 
tempted. 

Traces  of  oil  on  the  Island  of  Palawan  were  reported  recently, 
but  the  exact  situation  of  the  seeps  is  unknown.  Likewise, 
reports  of  oil  in  the  northern  part  of  Leyte  have  been  received 
without  more  detailed  information.  Messrs.  Smith,  Bell  &  Co. 
undertook  to  investigate  reported  occurrences  of  petroleum  in 
northern  Leyte  in  1896,  but  the  insurrection  of  that  year  put  an 
end  to  the  work  before  it  was  completed.  Their  engineer  stated 
that  he  found  petroleum  in  clay  or  shale,  but  had  no  opportunity 
for  a  thorough  examination.  Petroleum  seeps  are  indicated  on 
Spanish  maps  between  the  towns  of  Villaba  and  San  Isidro  on  the 
northwest  coast  of  Leyte. 

Several   samples   of  gilsonite,   a   mineral   pitch,   have   been 
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submitted  to  the  Bureau  of  Science  recently.  This  material  also 
comes  from  the  northern  part  of  the  Island  of  Leyte  near  the 
town  of  Leyte.  The  gilsonite  occurs  in  a  bed  about  1  meter 
thick,  the  outcrop  of  which  is  exposed  for  6  meters  along  a 
small  stream,  according  to  the  statement  of  the  prospector,  and 
is  overlain  by  sandstone  in  a  series  of  strata  made  up  principally 
of  blue  shale  or  clay. 

A  well  drilled  in  search  of  water  at  Janiuay,  Iloilo,  where 
petroleum  and  natural  gas  have  been  reported  in  the  past, 
encountered  a  small  flow  of  natural  gas  with  salt  water  in  a 
bed  of  sand  and  gravel  at  a  depth  of  542  meters.  Small  films 
of  oil  come  up  on  the  water  with  the  gas,  but  may  represent 
lubricants  from  joints  of  the  steel  well  casing.  Gas  issues  from 
the  well  constantly  but  without  violence,  accompanied  by  in- 
termittent flows  of  salt  water.  A  sample  of  the  gas  collected 
and  analyzed  by  the  Bureau  of  Science  showed  the  following 
composition. 

Per  cent. 

Hydrogen  5.2 

Methane   89.4 

Ethane   0.0 

Carbon  dioxide  0.6 

Nitrogen  4.3 

Oxygen  ^ 0.0 

Carbon  monoxide  0.5 

The  Janiuay  well  penetrates  a  sedimentary  series — clay,  shale, 
and  coarse  sand.  A  well  drilled  recently  at  Oas,  Albay,  en- 
countered inflammable  gas  at  a  depth  of  120  meters.  Oas  is 
situated  in  an  extensive  area  of  alluvium,  and  the  gas  in  this 
well  is  probably  marsh  gas  from  plant  remains  in  the  buried 
alluvium.  Wells  in  alluvial  deposits  at  various  places  have 
encountered  small  flows  of  inflammable  gas  which  are  believed 
to  be  marsh  gas. 

Miscellaneous  nonmetals, — Local  business  men  plan  to  exploit 
some  of  the  numerous  small  deposits  of  bat  guano  which  occur 
in  limestone  caves  throughout  the  Philippines,  and  to  investigate 
some  of  the  known  sulphur  deposits  with  a  view  to  the  local 
manufacture  of  sulphuric  acid. 

In  an  attempt  to  perfect  a  roofing  material  which  may  be 
used  in  place  of  the  common  native  roofing  material,  nipa,  and 
be  fireproof  at  the  same  time,  asbestos  from  the  Ilocos  Norte 
asbestos  deposits  ^  has  been  employed  in  combination  with  other 
substances.  The  initial  experiments  were  made  with  the  idea 
of  winning  the  prize  of  15,000  pesos  which  the  Government  offers 
for  a   suitable   substitute  for  nipa.     The  satisfactory   results 
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obtained  by  the  inventors  using  asbestos  led  them  to  withdraw 
from  the  prize  competition,  which  requires  the  surrender  to  the 
Government  of  the  process  for  making  the  successful  substitute, 
and  to  undertake  the  commercial  manufacture  of  their  roofing 
material.  If  these  plans  carry,  a  market  may  develop  for  the 
Ilocos  Norte  asbestos  which  has  not  been  exploited  to  date. 

Lithographic  stone  from  near  Angat  continues  to  be  used  in 
small  quantity  for  the  rough  lithographs  appearing  on  cigarette 
packages  and  similar  paper  wrappers  for  other  articles  man- 
ufactured in  Manila.  Mr.  Nable,  a  Filipino  engineer,  was 
instrumental  in  starting  this  enterprise. 


*  Asbestos  and  manganese  deposits  of  Ilocos  Norte,  by  Warren  D.  Smith, 
Phil.  Journ.  Set,,  Sec.  A.  (1907),  2,  145. 


PETROLEUM  ON  BONDOC  PENINSULA,  TAYABAS 
PROVINCE,  PHILIPPINES  ' 

By  Wallace  E.  Pratt  and  Warren  D.  Smith 

History  and  development — The  existence  of  petroleum  seeps 
on  Bondoc  Peninsula  became  generally  known  soon  after  the 
American  occupation  of  the  Philippines,  although  no  mention  of 
petroleum  in  Tayabas  appears  in  the  geological  and  mining  pub- 
lications of  the  former  Spanish  Government.  Within  the  past 
few  years  a  number  of  companies  have  been  organized  and  claims 
have  been  located  far  and  wide  throughout  the  region,  but  de- 
velopment has  not  gone  further  than  the  drilling  of  two  shallow 
wells.  Each  of  these  encountered  oil,  but  neither  yields  a  quan- 
tity great  enough  to  class  it  as  successful.  However,  the  wells 
are  close  together,  and  neither  is  more  than  100  meters  deep. 
The  region  in  which  they  are  located  might  be  made  to  yield  oil 
in  commercial  quantities  under  proper  treatment,  although  it 
probably  could  not  be  considered  the  most  favorable  from  a 
geological  standpoint.  That  the  wells  were  not  successful,  there- 
fore, fails  as  evidence  upon  which  to  condemn  the  whole  field. 

Literature. — Published  description  of  Bondoc  Peninsula  is 
meager ;  George  F.  Richmond  ^  investigated  the  physical  and 
chemical  properties  of  samples  of  the  petroleum.  A  short  paper 
on  the  geology  of  the  field  containing  two  diagrammatic  cross 
sections  of  the  structure  was  published  by  F.  T.  Eddingfield.' 

*  The  statement  made  by  the  undersigned  in  an  article  in  a  local  semi- 
technical  journal  in  1907  that  "from  a  geological  examination  of  these  two 
fields  (Cebu)  and  from  what  data  I  can  get  on  the  Tayabas  country,  I 
should  not  expect  that  any  of  these  fields  would  support  more  than  half  a 
dozen  wells  as  there  seems  to  be  no  great  structural  reservoirs  for  the 
accumulation  of  any  great  quantity  of  petroleum,"  needs  some  explanation 
and  modification. 

The  use  of  the  words  **half  a  dozen  wells"  was  intended  to  include  only 
wells  yielding  a  considerable  fiow  of  oil  and  not  the  numerous  barrel-EKlay 
wells  that  might  be  tapped,  and  which  exist  in  every  oil  field.  There  are 
said  to  be  600  wells  in  Formosa  and  yet  the  industry  there  scarcely  pays. 

The  reference  to  Tayabas  was  not  justified  in  view  of  only  second-hand 
information.  Certainly  I  would  not  make  that  statement  in  view  of  what 
I  now  know  of  the  district  from  personal  examination. — ^W.  D.  Smith. 

•  Phil.  Joum.  Sci,,  Sec.  A  (1910),  5,  1. 

*Min.  Resources  P.  L  for  1910,  Bur.  Sci.,  Div.  Min.  (1911),  64. 
121106 — 4  49 
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A  general  geological  reconnaissance  by  Geo.  I.  Adams  and  Wal- 
lace E.  Pratt  *  contains  a  reference  to  Bondoc  Peninsula. 

Situation. — The  Tayabas  oil  field  includes  the  southern  half  of 
a  distinctly  peninsular  area  which  extends  with  regular,  parallel 
coast  lines  to  the  south-southeast  from  the  southern  part  of  the 
mainland  of  Luzon.  A  constant  width  of  about  17  kilometers 
persists  throughout  the  southern  portion  of  the  peninsula  to  the 
very  end,  and,  since  petroleum  seeps  are  known  on  both  the  east 
and  the  west  coasts,  the  oil  field  assumes  a  rectangular  outline, 
17  kilometers  wide  by  50  kilometers  long. 

Catanauan  and  Mulanay,  the  principal  coast  towns  in  the 
southern  part  of  the  peninsula,  are  about  300  kilometers  distant 
from  Manila  by  steamship  line.  Inland  from  these  towns  only 
rough  trails  serve  for  transportation.  Away  from  the  coast, 
population  is  sparse  and  the  country  is  unimproved.  Occasional 
herds  of  cattle  are  encountered  over  the  great  stretches  of  alter- 
nating wooded  and  open  country. 

GEOLOGY 

Physiography. — The  contour  of  the  peninsula,  the  character 
of  the  land  forms,  and  the  alignment  of  the  drainage  all  reflect 
strongly  the  geology  and  the  structure  of  the  region.  Over  the 
southern  half  of  the  oil  field  the  land  rises  from  the  coast  to  a 
relatively  high,  generally  level  or  rolling  plateau  with  deeply  in- 
cised narrow  valleys  trending  south-southeast  along  the  main 
watercourses.  The  general  level  of  this  high  table-land  is  from 
250  to  300  meters.  The  extreme  heights  are  slightly  above  400 
meters,  while  the  rivers  cut  down  to  an  elevation  of  100  meters 
within  a  short  distance  from  their  heads.  Farther  northward 
the  general  elevation  is  lower  (100  meters),  and  the  land  forms 
are  more  mature. 

The  high  areas  occupy  broad  gentle  synclines,  while  the  ridges 
developed  locally  along  the  lateral  coast  lines  represent  the  steep 
limbs  of  narrow,  sharp  anticlines  which  characterize  the  struc- 
ture of  the  peninsula.  The  valleys  in  turn  follow  the  crests  of 
the  anticlines  even  in  the  topographically  young  region  to  the 
south.  This  early  translation  of  the  water  courses  from  their 
probable  initial  position  along  structural  valleys  to  the  crests 
of  the  adjacent  anticlines  finds  some  explanation  in  the  character 
of  the  highest  member  of  the  geologic  formation  which  is  a  thick- 
bedded  to  massive  limestone.  It  is  conceived  that  this  naturally 
rigid  upper  limestone  member  would  respond  to  flexing  stresses 


*Phil.  Joum.  Set.,  Sec.  A  (1911),  6,  449. 
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by  breaking  rather  than  bending,  and  that  the  resultant  frac- 
tures and  dislocation  planes  would  develop  to  a  far  greater  extent 
along  the  anticlines  which  have  been  already  described  as  sharp 
and  narrow,  than  in  the  relatively  wide,  gentle  synclines.  Run- 
off from  this  original  limestone  surface  would  accomplish  its 
cutting  action  as  much  through  solution  as  through  erosion  in  any 
case,  and  the  cracks  and  fractures  would  afford  opportunity  for 
rapid  progress  by  solution  along  the  anticlines  and  the  consequent 
translation  of  the  main  streams  to  their  axes. 

Stratigraphy, — Table  I  is  a  tentative  correlation  of  the  strat- 
igraphic  column  for  Bondoc  Peninsula. 
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For  the  purposes  of  this  general  discussion,  the  younger  forma- 
tions require  no  description  further  than  that  contained  in 
Table  I.  The  constitution  and  thickness  of  each  of  the  divisions 
vary,  the  characteristics  of  shallow-water  deposition  alone  being 
persistent.  They  are  above  the  horizon  at  which  oil  has  been 
observed,  and  any  accumulation  of  petroleum  is  probably  indepen- 
dent of  their  presence.  The  Canguinsa  sandstone,  a  compact 
impervious  rock,  is  encountered  immediately  above  the  Vigo 
shale  which  gives  off  most  of  the  oil  which  is  to  be  seen  in 
the  district,  and  in  this  position  it  might  serve  as  a  confining 
roof  for  oil,  but  its  function  as  such  is  probably  unimportant, 
because  the  upper  part  of  the  shale  itself  is  close  grained  and 
does  not  afford  a  reservoir  from  which  petroleum  would  escape 
readily. 

The  volcanic  agglomerate  is  limited  in  extension  to  the  north- 
east corner  of  the  petroleum-bearing  area,  and  occurs  in  three 
small  exposures  only.  It  is  composed  of  adesitic  fragments 
in  a  scanty  cement  likewise  andesitic  and  probably  tuffaceous. 
Apparently,  it  is  very  similar  to  the  andesitic  agglomerates 
which  occur  in  oil  fields  of  both  Japan  and  Sumatra.  It  is  found 
in  Tayabas  at  two  horizons,  one  exposure  being  overlain  by 
the  Canguinsa  sandstone  and  the  other  two  appearing  in  the 
Vigo  shale. 

The  principal  evidence  of  the  unconformity  placed  in  the  lower 
division  of  the  Miocene  period  is  a  rather  abrupt  steepening 
in  the  inclination  of  the  strata  below  the  Canguinsa  sandstone, 
relative  to  the  overlying  beds.  A  fine-grained  conglomerate 
several  meters  in  thickness  at  this  horizon  is  bedded  in  conformity 
with  the  Vigo  shale  beneath  it. 

The  petroleum  seeps  on  Bondoc  Peninsula  are  associated  with 
the  upper  part  of  the  Vigo  shale,  but  are  below  the  minor  and 
irregular  sandstones  at  the  top  of  the  series.  Because  of  their 
relative  importance  and  rather  distinct  character,  the  petrolif- 
erous strata,  aggregating  from  50  to  100  meters*  thickness,  are 
designated  apart  from  the  Vigo  shale  proper  as  the  Bacau  stage. 
The  Bacau  stage  is  generally  fine-grained,  bluish  to  brownish 
black  in  color,  and  locally  shows  little  evidence  of  bedding  planes. 
It  is  principally  a  compact,  indurated  clay  with  subordinate  sandy 
and  sandstone  zones.  Some  of  the  beds  are  carbonaceous,  but 
those  which  emit  the  strongest  odor  of  petroleum  contain  little 
carbon.  The  fossil  shells  in  the  petroliferous  shale  are  covered 
with  a  film  of  oil  or  grease,  and  appear  upon  fresh  exposure 
to  be  remarkably  well  preserved.  Any  attempt  to  remove  them, 
however,  reveals  a  tendency  to  crumble  similar  to  the  effect 
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produced  upon  limestone  by  calcination.  Fresh  surfaces  in  the 
shale  itself  appear  to  be  greasy.  The  material  weathers  into 
concretion-like  ellipsoidal  pieces  which  break  down  further, 
through  the  splitting  off  of  concentric  layers,  into  small  frag- 
ments with  conchoidal  surfaces. 

The  Vigo  shale  below  the  Bacau  stage  is  characteristically 
thin  bedded,  and  consists  of  alternate  layers  of  fine-grained  and 
sandy  shale  with  minor  sandstone  beds.  In  spite  of  these 
evidences  of  changing  conditions  of  deposition,  the  formation 
is  extensive  and  uniform  over  large  areas.  The  thin-bedded 
strata  grade  insensibly  into  the  Bacau  stage  above,  while  their 
base  is  not  exposed  within  the  area  under  discussion.  Occasional 
layers  appear  to  be  identical  in  character  with  the  material 
in  the  Bacau  stage,  but  more  generally  the  beds  are  sandy  and 
yellow  to  brown  in  color.  An  apparent  thickness  of  at  least 
1,400  meters  of  Vigo  shale  is  exposed  in  the  limbs  of  the  principal 
anticline  in  the  field,  and  the  sections  do  not  include  the  base 
of  the  formation. 

Structure, — Bondoc  Peninsula  is  anticlinal  in  structure,  but 
the  arch  is  not  accomplished  in  a  single,  simple  fold.  A  principal, 
central  anticline  follows  the  axis  of  the  peninsula,  and  may  be 
traced  for  a  distance  equal  to  one-half  the  length  of  the  oil 
field.  Flanking  the  central  anticline  on  either  side  is  a  minor 
fold  marked  by  small  anticlines  occurring  at  intervals  along 
a  line  roughly  parallel  to  the  axis  of  the  main  anticline.  The 
central  anticline  and  the  line  of  anticlines  along  each  coast  are 
sharp  flexures,  while  the  intervening  synclines  are  broad  and 
shallow,  so  that  although  the  peninsula  as  a  whole  is  an  anti- 
clinorium  in  structure  the  greater  proportion  of  the  land  mass 
is  contained  within  synclines. 

The  central  anticline  is  inclined  to  the  east,  and  pitches  to 
the  south.  The  beds  near  the  axis  dip  almost  vertically  in  the 
eastern  limb  and  at  an  angle  of  about  40°  in  the  western  limb. 
The  eastern  limbs  of  the  anticlines  along  the  eastern  coast 
are  similarly  steep  and  are  likewise  more  highly  inclined  than 
the  western  limbs,  while  along  the  western  coast  both  limbs  of 
the  anticlines  are  flatter,  with  the  western  limbs  steeper. 
Erosion  has  cut  away  the  crest  well  down  into  the  Vigo  shale 
on  the  central  anticline  in  the  northern  part  of  the  region, 
while  farther  south  only  the  upper  beds  of  the  Vigo  are  exposed, 
and  at  the  extreme  southern  end  of  the  peninsula,  owing  to 
the  southerly  plunge  of  the  anticlinal  axis,  even  these  are  intact. 
The  minor  anticlines  are  eroded  less  deeply  than  the  central 
anticlines. 
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OCCURRENCE  OF  PETROLEUM 


The  presence  of  petroleum  on  Bondoc  Peninsula  is  indicated 
by  seeps  of  gas  and  oil  at  widely  separated  points  throughout 
the  region.  The  seeps  occur  invariably  near  the  crests  of  anti- 
clinal folds  and  always  at  about  the  horizon  of  the  Bacau  stage 
of  the  Vigo  shale.  In  several  instances  the  oil  oozes  directly 
from  the  shale,  and  the  sandstones  in  the  petroliferous  strata 
usually  show  less  petroleum  than  the  shale  at  the  surface. 
However,  there  is  reason  to  believe  that  below  the  surface  the 
interbedded  sandstone  lenses,  which  have  not  been  opened  by 
erosion,  would  be  found  to  contain  oil.  Gas  unaccompanied 
by  oil  is  emitted  at  a  number  of  places.  No  discoloration  of  the 
strata  by  the  escaping  petroleum  can  be  detected,  but  an  odor 
of  the  light  oil  is  noticeable  in  the  neighborhood  of  a  petroleum 
seep.  The  wells  which  have  been  drilled  obtained  their  oil  from 
the  Bacau  stage  of  the  Vigo  shale. 

PHYSICAL  PROPERTIES  OF  THE  PETROLEUM 

The  first  analyses  of  Tayabas  petroleum  made  by  Richmond 
showed  so  large  a  proportion  of  the  fraction  distilling  below 
150°  C.  that  the  authenticity  of  the  sample  was  questioned. 
Later  examination  of  samples  collected  independently  by  a 
representative  of  the  division  of  mines  of  the  Bureau  of  Science 
at  one  of  the  wells  confirmed  the  first  results  and  proved  that  the 
petroleum  contained  an  unusually  large  percentage  of  light  oils. 

Tayabas  petroleum  is  light  brown  to  wine-red  in  color  by  trans- 
mitted light  and  blue  by  reflected  light.  It  loses  part  of  its 
more  volatile  constituents  readily  upon  exposure,  and  because 
of  this  fact  specific-gravity  determinations  on  different  samples 
have  shown  variation.  One  sample  tested  as  low  as  0.805  in 
specific  gravity,  while  the  heaviest  recorded  sample  had  a  specific 
gravity  of  0.845.  A  representative  sample  subjected  to  frac- 
tional distillation  by  Mr.  E.  R.  Dovey,  formerly  a  chemist  of  the 
Bureau  of  Science,  gave  the  following  results : 

CompoBition  of  Tayabas  crude  petroleum. 

Crude  oil: 

Specific  gravity,  at  29'  C 0.8323 

Refractive  index,  at  30°  C 1.4639 

Gasoline  (0-150°  C.) : 

By  volume per  cent...  30.4 

Specific  gravity,  at  30°  C 0.7692 

Kerosene  (150-300**  C.) : 

By  volume per  cent...  50.9 

Specific  gravity,  at  28'  C 0.8388 

Flash  point  (open  cup) 42*  C. 

Fire  point  54**  C. 
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Composition  of  Tayabaa  crude  petroleum — Continued. 

Heavy  oil  (300-400*'  C.) : 

By  volume per  cent...  15.1 

Specific  gravity,  at  28*  C 0.9061 

Residue  (above  400)  by  weight per  cent...  3.6 

Sulphur  Absent. 

The  lighter  fractions  of  this  oil  proved  to  be  levorotatory  to 
the  extent  of  0°  55'.  Richmond  found  30  per  cent  of  unsaturated 
hydrocarbons  in  the  crude  oil,  16  per  cent  in  the  gasoline  fraction, 
and  24  per  cent  in  the  kerosene  fraction.  The  same  authority 
reports  8.1  per  cent  of  paraffin  in  the  crude  oil. 

ORIGIN  OF  THE  PETROLEUM 

There  is  some  evidence  that  the  shale  in  the  Bacau  stage  of 
the  Vigo  shale  is  the  source  of  the  petroleum  in  this  field.  Num- 
erous remains  of  Globigerina  have  been  detected  in  the  shale,  and 
it  is  considered  probable  that  petroleum  may  have  originated  from 
them.  They  are  not  present,  however,  in  as  great  abundance 
as  would  seem  to  be  demanded  to  account  for  even  the  limited 
quantity  of  petroleum  in  these  beds,  and  it  is  possible  that  a 
lower  horizon,  probably  in  the  unexposed  portion  of  the  Vigo 
shale,  may  be  the  real  source  of  petroleum,  which,  having  diffused 
upward,  is  now  encountered  in  the  Bacau  stage. 

The  strata  below  the  Bacau  stage,  so  far  as  they  are  exposed, 
show  evidence  of  petroleum  only  rarely.  However,  an  oil  with 
the  character  of  the  Tayabas  product  might  leave  little  or  no 
trace  in  the  rocks  of  its  passage  through  them.  Shale  from 
which  petroleum  can  be  observed  to  seep,  for  example,  loses  every 
indication  of  its  petroliferous  character  after  a  short  period  of 
exposure  to  air.  Hence  it  may  be  conceived  that  petroleum  exists 
in  the  unexposed  lower  beds  of  the  Vigo  shale,  from  which  small 
quantities  have  migrated  along  favorable  channels  to  the  surface, 
where  the  oil  has  been  completely  dissipated  from  all  the  rocks 
except  those  which,  like  the  close-grained  shale  in  the  Bacau 
stage,  are  of  a  character  suited  to  retain  it  most  tenaciously. 

From  the  well-known  principles  of  fractionation  by  diffusion 
through  a  porous  medium,  the  light,  clarified  nature  of  the  oil 
might  be  taken  to  confirm  the  theory  of  migration. 

ECONOMIC  considerations:  possible  development 

The  existence  of  petroleum  on  Bondoc  Peninsula  is  established, 
although  the  quantity  which  may  be  available  is  undetermined. 
If  no  petroleum  exists  other  than  the  apparently  small  quantity 
which  occurs  in  the  Bacau  stage  of  the  Vigo  shale,  commercial 
production  is  not  likely  to  become  extensive.     The  shale  itself  is 
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loo  fine  grained  and  compact  to  yield  a  free  flow  of  oil  to  wells. 
It  is  very  probable  that  properly  located  wells  would  encounter 
intact  lenses  of  the  subordinate  sandstone  which  is  known  to 
occur  in  the  Bacau  stage,  and,  although  the  proportion  of  oil 
in  the  shale  itself  at  the  surface  is  very  low  (less  than  1  per 
cent  by  weight  in  one  of  the  most  petroliferous  exposures)  and 
is  even  lower  in  the  sandstones  at  the  outcrop,  it  is  entirely 
reasonable  that  intercalated  sandstones  which  have  escaped 
erosion  should  be  saturated  with  oil.  From  wells  piercing  these 
sandstone  lenses  a  production  would  be  expected,  but,  since  the 
entire  thickness  of  the  Bacau  stage  is  probably  less  than  100 
meters  on  an  average  and  by  far  the  greater  proportion  of  the 
strata  is  shale,  the  generation  and  accumulation  of  petroleum  in 
this  stage  would  be  limited. 

If,  however,  petroleum  is  found  in  the  unexposed  base  of  the 
Vigo  shale,  the  prospect  is  brighter.  The  Vigo  shale  is  an  ex- 
tensive formation  affording  the  possibility  of  a  larger  quantity 
of  petroleum  than  could  be  contained  in  the  Bacau  stage  alone. 
Its  character  (alternating  shale  and  sandstone)  is  favorable  for 
the  accumulation  of  any  oil  that  may  be  present.  Judging  from 
the  situation  of  oil  seeps  in  Tayabas,  relative  to  the  structure, 
and  from  experience  in  the  productive  field  of  Moera  Enim, 
Sumatra,  where  the  geologic  conditions,  apparently,  are  very 
similar  to  the  conditions  in  the  Tayabas  field,  the  petroleum 
would  be  expected  to  collect  in  the  anticlines  in  conformity  with 
the  general  law  of  anticlinal  accumulation.  If  oil  is  present  in 
the  lower  Vigo  shale  and  has  tended  to  collect  in  the  anticlines, 
then  the  structure  in  parts  of  the  peninsula  must  be  considered 
very  favorable  (anticlines  intact  above  the  oil  horizon)  for  the 
retention  of  the  oil  under  conditions  which  would  permit  of 
commercial  exploitation. 

Under  the  circumstances,  Bondoc  Peninsula  must  be  classed 
as  an  unproved  oil  field  where  there  is  a  good  chance  of  obtaining 
petroleum  economically. 


SAND-LIME  BRICK  AND  ARTIFICIAL  SANDSTONES  IN 
THE  PHILIPPINES 

By  Alvin  J.  Cox,  W.  C.  Reibling,  and  F.  D.  Reyes 

In  the  Philippines,  the  varieties  of  stone  which  are  known  to 
be  good  for  building  and  construction  purposes  are  not  very 
numerous,  and  it  is  unfortunate  that,  with  the  exception  of  a 
few  deposits  of  volcanic  tuff  (**adobe"  stone),  those  which  exist 
are  not  conveniently  located  for  use.  In  the  past,  most  of  the 
permanent  buildings  were  constructed  of  volcanic  tuff,  and  its 
low  and  uncertain  strength  ^  made  very  massive  construction 
work  necessary.  Moreover,  as  the  stones  have  a  dirty  color  and 
are  only  roughly  shaped  by  hand  into  rectangular  blocks  18 
by  18  by  50  centimeters  in  size,  they  give  structures  a  very 
unclean,  irregular,  and  aged  appearance. 

Recently,  important  structures  have  been  built  almost  exclu- 
sively of  reenforced  concrete,  and  concrete  blocks  have  been  used 
for  small  buildings.  The  high  cost  of  cement  and  good  aggregate 
makes  such  work  expensive,  but  in  spite  of  this  and  the  great 
need  of  a  cheap  and  durable  building  stone  the  sand-lime  brick 
industry  has  not  been  introduced  into  these  Islands  in  any  form. 

The  Bureau  of  Science  is  carrying  on  a  thorough  investigation 
to  ascertain  the  suitability  and  relative  efficiency  of  available  raw 
materials  for  the  manufacture  of  sand-lime  bricks  and  to  study 
some  of  the  most  important  technical  considerations  involved. 
This  work  is  far  from  complete,  but  owing  to  numerous  requests 
for  data  on  the  subject  the  publication  of  preliminary  notes 
seemed  advisable,  and  especially  so  in  as  much  as  they  lead  to 
very  definite  conclusions  relative  to  the  commercial  value  and 
feasibility  of  this  industry  in  the  Philippines. 

USES  FOR  SAND  BRICK  AND  ARTIFICIAL  STONE 

Good  sand-lime  bricks  are  sanitary,  their  hygroscopic  prop- 
erties are  very  slight  (about  1.5  per  cent  in  air),  they  absorb 
very  little  water  when  wet  (6  to  10  per  cent),  do  not  effloresce, 
and  in  every  way  apparently  meet  the  demands  of  tropical 
climatic  conditions  as  a  desirable  structural  material.  We  have 
considered  principally  the  application  of  these  processes  to  the 
manufacture  of  ordinary  building  stone.  Fortunately,  there  are 
other  uses  to  which  either  the  reconstructed  stone  or  the  sand- 
lime  process  can  be  applied ;  namely,  the  manufacture  of  building 
blocks,  sills,  caps,  fence  posts,  slabs,  tiles,  wall  copings,  templates. 


*Cox,  Alvin  J.,  Phil  Joum.  Set.,  Sec,  A  (1908),  3,  191. 
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jambs,  lintels,  steps,  landings,  curbstones,  pipes,  sidewalk  slabs, 
and  ornamental  work  such  as  elaborate  moldings,  monuments, 
flower  pots,  posts,  vases,  statuary,  garden  seats,  and  artificial 
marble. 

There  is  a  good  local  demand  for  such  articles,  and  a  plant 
equipped  to  manufacture  these  as  well  as  the  ordinary  building 
stone  has  an  opportunity  successfully  to  establish  a  good  and 
growing  business;  and  especially  so  if,  as  can  be  easily  accom- 
plished, the  bricks  are  manufactured  so  as  to  produce,  when 
properly  laid,  broken  and  bonded  horizontal  as  well  as  vertical 
joints  2  and  building  stones  made  similar  to  hollow  interlocking 
and  reenf orcible  concrete  blocks  now  in  use. 

RAW  MATERIALS 

Sand  brick  or  reconstructed  stone  can  be  manufactured  on 
a  commercial  basis  with  either  calcium  carbonate  or  calcium 
hydrosilicate  as  the  binding  material.  The  former  has  for  its 
advantage  a  minimum  fuel  consumption,  while  the  latter  with- 
stands best  the  effects  of  fire  and,  in  all  probability,  atmospheric 
and  chemical  influences.  The  calcium-carbonate  process  is  not 
dependent  upon  the  chemical  composition  of  a  sand  or  stone, 
but  silica  in  a  suitable  chemical  or  physical  condition  is  essential 
to  the  steaming  process.  With  the  notation  of  these  differences, 
further  consideration  will  be  limited  to  the  calcium  hydrosilicate, 
the  so-called  sand-lime-brick  process. 

Generally  speaking,  common  siliceous  sand  is  the  most  desir- 
able and  the  cheapest  source  of  silica  for  this  industry.  A  fairly 
good  sand-lime  brick  can  be  obtained  with  almost  any  sand,  but 
economy  in  manufacture  limits  the  physical  and  chemical  prop- 
erties rather  sharply. 

Quarry  debris,  soft  stone,  and  volcanic  tuff  are  often  suitable 
sources  of  silica  and  in  many  instances  are  capable  of  being 
crushed  into  desirable  sand  at  no  greater  cost  than  that  required 
for  the  installation  of  the  division  method.  Siliceous  sands,  soft 
sandstone,  and  volcanic  tuff  are  plentifully  distributed  through- 
out the  Philippine  Islands. 

Richly  colored  siliceous  materials  naturally  give  bricks  of  a 
similar  color,  but  otherwise  a  pleasing  white  to  gray  is  obtained 
which  is  more  or  less  spotted  according  to  the  color,  quantity, 
and  shape  of  the  coarse  grains.  The  color  is  permanent,  unless 
oxidizable  mineral  pigments  such  as  iron  are  present. 

Lime. — In  ordinary  lime  mortar,  magnesia  is  not  considered 
detrimental,  but  it  cannot  be  substituted  for  calcium  oxide  in  the 


*  Strale,  A.  N.  H.,  Pat.  No.  1,021,851,  April  2,  1912. 


60 

sand-lime-brick  industry  on  account  of  its  slow  slaking  proper- 
ties. Other  impurities  in  the  limestone  such  as  sand,  clay,  and 
iron  oxide  should  also  be  avoided.  They  tend  to  produce  slow 
slaking,  fluxed  and  overburned  lime,^  as  well  as  to  decrease  the 
efficiency  by  dilution.  On  the  other  hand,  a  comparatively  pure 
calcite  limestone  gives  the  best  results,  and  can  be  burned  and 
slaked  with  the  least  expense  and  difficulty.  It  is  absolutely  nec- 
essary that  the  free  lime  be  thoroughly  hydrated  before  the  bricks 
are  molded;  otherwise,  the  expansion  due  to  subsequent  hydra- 
tion is  very  apt  to  cause  the  bricks  to  swell  or  crack  and  split. 
The  only  first-class  lime  which  can  be  purchased  in  the  local 
markets  is  that  which  has  been  imported  from  Hongkong  or 
other  foreign  ports.*  The  prospective  manufacturer  should  bum 
his  own  lime  and  supply  as  well  the  demand  for  this  material 
throughout  the  Islands. 

LABORATORY  METHODS 

In  testing  the  siliceous  materials,  the  following  general  method 
of  making  sand-lime  brick  was  used.  When  necessary,  the  sand 
or  crushed  stone  was  dried  in  the  air  and  ground  to  almost  its 
final  degree  of  pulverization.  Then  10  per  cent  by  weight  of 
dry,  pulverized,  hydrated  Montalban  lime  was  ground  with  part 
of  the  siliceous  material,  and  the  whole  thoroughly  mixed  before 
and  after  the  addition  of  water.  The  mixture  was  then  molded 
into  bricks  under  pressure  as  indicated  in  the  tables,  and  finally 
the  bricks  were  subjected  to  the  action  of  live  steam  at  a  pressure 
of  125  pounds  per  square  inch  (8.79  kilograms  per  square  centi- 
meter) for  from  five  and  one-half  to  eight  hours,  as  specified. 

The  first  experiments  were  made  to  ascertain  only  the  general 
adaptability  of  the  available  raw  materials,  and  no  attempt  was 
made  to  secure  better  conditions  and  results  than  would  have 
been  obtained  had  the  material  been  subjected  to  an  ordinary 
commercial  process  for  the  manufacture  of  common  brick.  In 
fact,  it  was  our  desire  to  make  the  test  a  severe  one,  and  for 
this  reason  the  bricks  were  molded  at  the  low  pressure  of  4,600 
pounds  per  square  inch  or  less,  and  steamed  only  five  and 
one-half  hours.     Later,  the  materials  were  tested  under  more 


•  The  evil  effect  of  free  lime  and  magnesia  in  sand-lime  brick  is  in  all 
respects  similar  to  their  effect  in  indurated  Portland  cement,  and  the 
slaking  properties  of  free  lime  under  all  conditions  of  burning,  grinding, 
and  seasoning  are  important  considerations.  Cf.  Reibling,  W.  C,  and  Reyes, 
F.  D.,  Phil  Joum,  Sci,,  Sec.  A  (1910),  5,  117-142;  (1911),  6,  207-252; 
(1912),  7,  135-191. 

*  Recent  imports  of  slaked  lime  from  Hongkong  showed  a  purity  of  about 
85  per  cent. 
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favorable  conditions  in  order  to  ascertain  their  fitness  for  the 
manufacture  of  face  brick,  tiles,  ornamental  stonework,  fire  brick, 
etc.  We  have  not  had  sufficient  time  to  make  a  detailed  study 
of  each  material  such  as  would  enable  us  to  subject  each  to  ideal 
conditions  of  manufacture,  and  the  results  obtained  and  recorded 
throughout  this  paper  can  be,  and  in  many  instances  have  been, 
improved  by  more  thorough  mixing,  better  granularimetric  com- 
position, and  a  higher  molding  pressure. 

RAW  MATERIALS  IN  THE  VICINITY  OF  MANILA 

The  high  cost  of  land  transportation  throughout  the  Philippine 
Islands  makes  the  location  of  the  factory  with  respect  to  the 
market  and  raw  materials  a  consideration  of  more  than  usual 
importance.  Eventually,  sand-lime-brick  factories  should  be 
installed  at  all  of  the  principal  commercial  centers  of  the  Archi- 
pelago where  suitable  raw  materials  are  available  in  order  to 
reduce  the  necessary  transportation  to  a  minimum.  For  several 
years  to  come  the  demand  in  the  Philippines  will  probably  not 
be  great  enough  to  support  more  than  one,  or,  possibly,  two  sand- 
lime-brick  plants ;  and,  since  Manila  appears  to  be  the  most  desir- 
able location  for  the  first  plant,  the  near-by  raw  materials  have 
been  given  primary  consideration. 

Limestone. — The  most  available  and  important  calcareous  raw 
materials  in  the  vicinity  of  Manila  are  two  exposures  of  Miocene 
limestone,  one  near  Montalban  about  30  kilometers  from  Manila, 
on  a  line  of  the  Manila  Railroad  Company,  and  the  other  in  a 
semimountainous  country  about  7  kilometers  north  of  Binan- 
gonan,  Rizal  Province,  and  about  20  kilometers  from  Manila. 
The  analyses  given  in  Table  I  show  that  they  are  almost  pure 
calcium  carbonate. 

Table  I. —  Ultimate   chemical  composition  of  Binangonan  and  Montalban 

limestones. 


Constituent. 


Water  at  110°  C 

Silica  (Si02) 

Iron  and  aluminum  oxides  (R2O3)  - . 

Calcium  oxide  (CaO)      

Masrnesia  (MfirO) 

Combined  alkalies  (K2O  -i  Na20) 

Sulphuric  anhydride  (SO3)        - . 

Loss  by  ifirnition  . .   

Lime  calculated  to  calcium  carbonate  (CaCOa) . 


Lime-  I    Lime- 
stone stone 
from  !     from 
Binan-  Montal- 
Ronan.  |    ban.  • 


l*0r  cent, 

0.16 

L12 

0.15 

53. 78 

1.19 

'[  0.77 

trace 

43.15 

96.03 


f*er  cent. 

0.25 

0.94 

1.14 

54.61 

0.22 

0.56 

trace 

42.79    i 

97.52 


*  Analyzed  by  Forest  B.  Beyer. 
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Binangonan  limestone  is  the  more  available  to  Manila.  Water 
transportation  from  Montalban  to  Manila  is  more  difficult,  and 
railroad  transportation  is  expensive.  In  either  place  there  is  an 
abundant  supply  of  almost  pure  limestone  within  30  kilometers 
of  Manila. 

The  siliceous  materials  in  the  vicinity  of  Manila  vary  greatly 
in  chemical  and  physical  properties,  but  after  careful  considera- 
tion v^e  vv^ere  able  to  select  8,  so  that  the  variety  included  the 
principal  characteristics  of  all  of  probable  importance.  Their 
character  and  usefulness  will  be  discussed  in  conjunction  with 
their  location. 

Beach  sand. — South  of  Manila  there  is  no  stream  entering  the 
bay  which  contains  deposits  of  sand.  Between  12  and  14  kilo- 
meters from  Manila  at  Sangley  Point  and  at  Las  Piiias,  with 
which  there  is  water  communication,  beach  sand  is  abundant. 
This  sand  is  derived  principally  from  basaltic  rocks  which  occur 
fragmentally  in  the  tuff  formation  which  borders  Manila  Bay. 
The  grains  are  in  an  advanced  stage  of  decomposition  and  are 
easily  crushed.  The  Manila  beach  itself  at  Maytubig  has  similar, 
but  very  fine,  sand  from  which  fairly  good  sand-lime  bricks  have 
been  made  experimentally.  The  efficiency  of  this  fine  beach 
sand  is  of  more  than  ordinary  importance  because  it  is  the  only 
available  siliceous  material  which  is  fine  enough  to  require  no 
grinding  and  also  because  material  of  this  class  is  so  abundant 
and  easily  procured. 
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Table  II. — Maytubig  beach  8and  and  its  efficiency  as  a  aand-lime-hriek 

material, 

CHARACTERISTIC  GRANULARIMETRIC  COMPOSITION. 


2()  !        30 
20  30  1 


40 

40 


50  6(»  HO  100        2(K) 

50  (>0  HO  100        200 


Standard  sieve  No      .....  10 

Meshes  per  linear  Inch  10 

Diameter  of  openings  in  milli- 
meters   1.85       O.irj       0. 5i>i     0.47        0.31       0. 2H       0.20       0.15     0.  (Mi 

Percentajre    of    sand     pas»in«r 

through  specified  sieves  .  -  KMI.O      U>0.0       ^.).  H  ;     1)9.9      IW.  0         %.  5       HO.  4        51.7       6.0 

THE  SAND  LIME  BRICK 


Mix- 
ture Fineness  of  sand  as  use*!. 
No. 


Dimensions 
of  brick. 


Compressive 
Dura-     MoldinK'  ftrenRth. 

Area  of     t ion  of    pressure 
bearinjf      steam         per 
surface,      treat-      square  Per 

ment,        inch.        Total.        square 
inch. 


1  As  received  . 

2  I  One-fourth  pulverized 

1  As  received 

2  One-fourth  pulverized 

3  One-tenth  pulverized 

3      do 

4  ^  As  received 

4    do -- 


InchfH. 

Sq.  in. 

/fourn. 

I'outtdH. 

I'otittdA. 

I'imnd^ 

2-2-2 

4.0 

6.5 

4.600 

7.2tK) 

1.800 

2X2  •  2 

4.0 

5.5 

4.6(K) 

7.720 

1.930 

2    2    2 

4.0 

8.0 

10.640 

13. 880 

8. 470 

2-2^2 

4.0 

H.O 

10. 640 

11.200 

2.800 

3    3    2.25 

6.75 

8.0 

10.  (KX) 

20. 560 

8.200 

3X3    2.25 

6.75 

8.0 

15.000 

26.920 

3. 840 

2-2-2 

4.0 

8.0 

7.640 

8.(XK) 

2.000 

2    2    2 

4.0 

8.0 

10.  (MK) 

13.360 

3.340 

Mixture 
No. 


Molding  pres- 
sure in  pounds 
per  square 
inch. 


Density. 


Air  dry. 


Dried  at  110°. 


i  Absorption  after  24  hours  in  water. 


r 


Air  dry. 


Dried  at  1H»". 


•*    I 


10,000 


2.08 


2.01 


7.40 


11.0 
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In  all  instances,  the  bricks  had  a  pleasing  steel-gray  color 
which  after  several  months'  exposure  to  sun  and  rain  had  not 
changed,  but  the  surface  would  not  take  a  good  polish. 

Pasig  sand. — Most  of  the  sand  used  in  Manila  is  dredged  or 
dipped  up  in  baskets  from  the  Pasig  and  its  principal  tributary, 
the  Mariquina  River.  A  good  sand-lime  brick  can  be  made  with 
this  sand,  but  the  supply  is  rapidly  decreasing  owing  to  the 
great  quantity  used  for  concrete  construction  work. 

Table  III. — Pasig  sand  and  its  efficiency  as  a  sand-lime-brick  material. 


GRANULARIMETRIC  COMPOSITION. 


Sieve  No 10  ^        20  30  ;        40  i        50 

Per  cent  of  sand  pass  ins:       (•99.5       99.0       95.0       71.  0  i    36.0 
through  specified  sieves.  l»>96.0       64.0  :    42.0  '     38.0  '    23.5 


60  ; 
20.5  'i 
10.0  I 


10.0 
5.0 


100  :     200     I 
2.0     trace 
2. 6     trace 


Mixture 
No. 


THE  SAND-LIME  BRICK. 


Decree  of  pulverization  in  per  cent  through  Compressive 

specified  sieves.  i  Molding  |  strength. 

, ofTeim    P^«««"''^ 

No.  100.  ;  No.  200.  "^^"^-     ;      inch.  Total. 


No.  20.       No.  40.    ^    No.  80. 


Per 

square 

inch. 


100.0 
100.0  I 
89.4 
89.4  i 
91.6 
91.6 
99.6 
99.6 


84.0  ^ 
84.0  i 

57.7  I 
57.7 
65.8 

65.8  ; 
72.9 
72.9 


55.4  i 

55.4 

23.7  I 

23.7 

33.7 

33.7 

40.4 

40.4 


46.5 
46.5 
16.5  ^ 
16.5 
24.7 
24.7 
37.  4 
37.4  , 


I 


18.6 
18.6 
11.7 
11.7 
13.2  I 
13.2 
20. 0 
20.0 


Hours.    : 
5.5  ■ 

5.5  j 
8.0 
8.0  ' 
8.0 
8.0  , 
8.0 
8.0  ' 


Pounds.  I 
2,300  I 
4,600  I 
7.640  ; 

10,000  , 
7,640  ; 

10,(X)0 
7,640 

10,000  : 


Founds. 
5,980 
10,800 
12, 720 
13, 640 
17,000 
21,280 
19,040 
23, 740 


*ou  nds. 
1,495 
2,700 
3, 180 
3,410 
4,250 
5, 320 
4,760 
5,935 


Mixture 
No. 


7 

7 

c8 


Molding  pres- 
sure in  pounds 
per  square 
inch. 


7,640 
10.000  , 

7,640 
10,000 


Density. 


Absorption  after  24  hours  in  water. 


Air  dry 


Dried  at  iW. 

2.24 

2.15 

2.28 

2.19 

2.23 

2.13 

2.30 

2.17 

Air  dry. 


6.1 
4.3 
5.2 
3.6 


Dried  at  110°. 

10.5 
9.7 

10.1 
9.4 


■  Dipped  up  in  baskets.  •>  Gravel  screenings  from  dredges.  ^  Ground  finer  than  No.  6. 

Strong  and  dense  sand-lime  bricks  are  much  more  readily 
obtained  with  Pasig  than  with  beach  sand,  and  this  is  especially 
true  when  the  molding  pressure  is  low.  The  color  of  the  product 
is  darker  and  less  pleasing,  but  the  bricks  made  took  a  fairly 
good  polish,  due  largely  to  the  presence  in  quantity  of  large  grains 
of  andesite  and  basalt  rock,  as  is  shown  by  the  granularimetric 
analysis  of  mixture  6. 
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The  granularimetric  analyses  of  mixtures  6,  7,  and  8  show  a 
graduated  increase  in  the  degree  of  pulverization  and  a  corre- 
sponding increase  in  strength.  A  comparison  of  the  granulari- 
metric analysis  of  the  sand  as  used  in  mixture  8,  with  that  of 
the  sand  as  it  is  received,  shows  that  considerable  grinding  is 
necessary  in  order  to  obtain  great  strength.  However,  we  have 
a  large  quantity  of  very  fine  beach  sand  near  at  hand,  and  grind- 
ing expenses  can  be  reduced  to  a  low  figure  by  mixing  this  with 
coarser  available  siliceous  materials.  The  lower  initial  cost  of 
beach  sand  would  also  make  the  production  more  economical. 
The  results  given  in  Table  IV,  for  an  equal  mixture  of  Pasig  and 
beach  sand,  were  obtained  without  grinding  the  siliceous  mate- 
rials at  all.  A  still  better  product  would  have  been  obtained 
had  the  beach  sand  been  ground  a  little  before  mixing. 

Table  IV. — Sand-lune  bricks  viade  with  equal  parts  of  Pasig  and  bea<^h 

sand, 

Granularimetric  compoBition  of  mixed  fumd*  in  I  Compressive 

'  per  cent  paseinff  throujrh  the  specified  sieves.  i  Moldinsr  strenirth. 

treat- 


ture  oist«im|      p^^ 

N«-     ,  .. ..  :..  I^f^r    ;    square  ,      Per 

squar* 
inch. 


No.    20.      No.    40.      No.    80.      No.    1(K).     No.   200.       "^«"^-     |     inch.  ToUl. 

! 


//oMiH.      !*oundM.      Pounds.    Pounds. 


9  99.8  75.7  54.8     !        27.2  3.2  H.O 

9     !        99.8  75.7  54.8     |        27.2  3.2  8.0 


7.64()         10.720     i      2,680 
10,000  13.760  8,440 


Molding  p res-  Density.  Absorption  aft<>r  24  hours  in  water. 

Mixture      sure  in  pounds  

No.  per  square 

inch.  Air  dry.  Dried  at  llo\  Air  dry.  Drie<l  at  ll^^ . 

i 
9  7,640  2.14     ,  2.08     ,  7. 7     |  10.6 

j  9  10. (KK)     ;  2.16    !  2.10  6. 5     '  9.2     I 

Quingua  sancL — North  of  Manila,  the  Quingua  River  contains 
an  important  amount  of  pebble  sand  which  is  similar  to  Pasig 
sand,  except  that  the  grains  are  harder  and  the  quartz  a  little 
more  abundant.  The  distance  from  Manila  is  considerable 
(about  35  kilometers),  and  although  transportation  by  water  is 
possible  the  river  is  often  too  shallow  for  navigation  by  launches. 
Transportation  by  rail  is  possible,  but  the  present  rates  are  pro- 
hibitive. This  sand  has  not  been  tested,  but  its  similarity  to 
Pasig  sand  and  greater  content  of  quartz  make  it  certain  that 
it  is  equally  as  good,  if  not  better. 

Tarlac  sand. — Sand  from  the  Tarlac  River,  at  Tarlac,  a  station 
situated  on  the  Manila  and  Dagupan  Railroad,  appears  to  be  the 
best  sand-lime-brick  sand  in  Luzon.     Owing  to  the  large  per- 

121106 5 
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centage  of  quartz  and  clear  glassy  plagioclase  feldspar,  Tarlac 
sand-lime  bricks  have  a  pleasing  grayish  white  color,  and  take 
a  good  polish  with  a  sparkling,  granitic  appearance.  So  far  as 
we  have  been  able  to  ascertain,  there  need  be  no  efflorescence  even 
when  the  percentage  of  feldspar  is  as  high  as  in  this  material. 
The  best  results  in  our  simple  tests  of  the  fire-resistant  proper- 
ties of  Philippine  sand-lime  bricks  were  obtained  when  Tarlac 
sand  was  used. 

Table  V. — Tarlac  sand  and  its  efficiency  as  a  sand-lime-brick  material. 

GRANULARIMETRIC  COMPOSITION. 


Sieve  No 

Percentasre    of    sand    paasinR 
through  Bpecifiefl  sieves    _  98. 


10           20           :«)           40  50           60  80         100  .     2(K) 

74.0  i     41.0       22.0  11.5         6.5  3.5         1.5'     0.5 

__ ■ I              I              ■  __  __  ' 

THE  SAND-LIME  BRICK. 


Dejfree  of  pulverization  in  per  cent  throiiprh 
Htandard  Hpecified  sieves. 


Mixture  - 
No. 


No.  20.        No.  40.        No.  80.       No.  1(K).      No.  200. 


10 
10 
11 
11 
12 
12 
a  13 
13 


100.0 
100.0 
89.3 
89.3 
99. 9 
99.9 
99.9 
99.9 


85.0 
85.0 
24.6 
24.6 
60.5 
60.5 
68.4 
68.4 


71.0 
71.0 
18.3 
18.3 
33.8 
33.8 
40.3 
40.3 


59.0 
59.0 
17.7 
17.7 
26.5 
26.5 
34.9 
34.9 


Duration    M«l<li"*f 
of  steam  ^>--«;!^-^ 

square    i 
inch. 


Compressive 
strength. 


20. 0 
20. 0 
10.7 
10.7 
20.5 
20.  5 
29.6 
29.6 


treat- 
ment. 


Hours. 
5.5 
5.  5 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 


'  PouikIk. 
2, 3(X) 
4,600 
7, 640 
10. 000 
7,640 
10.  0(K) 
7, 640 
I     10, 000 


Total. 


Pounds. 
7,0(K) 
10, 060 
13. 040 
13, 640 
13,880 
15,  920 
21, 180 
25, 960 


Per 
square 
inch. 


Pouvdx. 
1,  750 
2,515 
3, 260 
3.  410 

I  3, 470 
3, 980 
5, 295 

•       6. 490 


Mixture 
No. 


12 
12 
13 
13 


Moldinj?  pres- 
sure in  pounds 
per  square 
inch. 


7,640 
10, 0(K) 

7,640 
10,  (KX) 


Density.  Absorption  after  24  hours  in  water. 

Air  dry.  Dried  at  IW.  Air  dry.  Dried  at  110°. 


2.19 

2.11 

2.24     1 

2.17 

2.22    , 

2.16 

2.29    i 

2.23 

3.8 
2.4 
2.1 
1.7 


7.5 
5.7 
5.0 
4.1 


■  Ground  finer  than  No.  12. 


As  with  Pasig  sand,  the  natural  coarseness  of  Tarlac  sand 
makes  considerable  grinding  advisable;  however,  beach  sand 
can  be  advantageously  mixed  with  the  more  expensive  sand. 
This,  as  well  as  the  manner  in  which  the  strength  of  a  given 
mixture  may  be  affected  by  the  quantity  of  water  used,  is  shown 
in  Table  VI. 
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Table  VI. — Sand-lime  brick  made  with  a  mixture  of  equal  parts  of  Tarlae 

and  beach  sand. 


1    Mix- 
'    ture 

\     No. 

Decree  < 
No.  2«». 

of  fineness  in  per  cent 
cified  sieves. 

No.  40.        No.  HO. 

thix)URh  the 

No.  l(^).      No. 

»pe-  1 

2tM).  ' 

I'eroent- 
aure  of 
water 
added  to 
the  raw 
matt»- 
rials. 

Moldintf 

pressure  , 

per 

square 

inch. 

Compressive 
Btrenjrth. 

Per 
T«»tal.        Miuare 
inrh. 

I*ouml». 

I'iundH. 

/*t>undM 

a  14 

i»5.7 

02.1 

49.4 

:i3.7 

S.  4 

8.0 

1        7.  WO 

7.920 

1.9H0 

14 

95.7 

62.1 

49.4 

:«.  7 

M.  4 

H.O 

10,(MMt 

VA.  360 

a.  :{40 

I'  If) 

95.7 

62.1 

49.4  , 

:is.  7 

8.4 

15.0 

7.640 

14.040 

3.  610 

ir> 

95.7 

62. 1 

49.4 

X^.  7 

8.4  ' 

15.0 

lO.JHK) 

16.620  ' 

4.  ir>5 

Mixture, 
No. 

Molding  pres- 
sure in  poun<ls 
per  square 
inch. 

Density. 
Air  dry.              Drietl 

at  IK 

Absorption  after  24  hours 
It.               Airilry.               Dritni 

in  wat(>i 

at  110  . 

15 

7,  6-10 

2.11 

:.  09 

6. 

7.7 

ir, 

1(».(KX) 

2.19 

2 

:.  14 

4. 

9 

7.5 

■  No  water  was  pressed  out  during  the  molding  of  the  Ui-st  Rroup. 

^  About  10  per  cent  of  water  was  pressed  out  during  the  moIdinR  of  the  second  group. 

Orani  sand. — At  the  mouth  of  the  Orani  River,  about  55  kilo- 
meters northwest  of  Manila  and  directly  across  Manila  Bay, 
there  is  an  abundance  of  good  sand  which  can  be  secured  without 
dredging.  The  river  can  be  entered  by  launches,  and  at  low  tide 
the  sand  can  be  loaded  directly  into  barges  and,  without  re- 
handling,  towed  to  Manila.  Orani  sand  is  very  similar  to  that 
from  Tarlae  except  that  it  is  less  clean  and  its  color  is  less 
attractive.  Otherwise,  it  is  as  good  as  Tarlae  sand  for  the 
manufacture  of  sand-lime  bricks.  We  obtained  a  strength  of 
3,238  pounds  per  square  inch  with  Orani  sand  when  the  molding 
pressure  employed  was  only  4,600  pounds  per  square  inch. 

Volcanic  tuff,  unusually  abundant  in  Bulacan  and  along  the 
Pasig  River,  especially  near  Guadalupe,  is  another  available 
source  of  siliceous  material  in  the  vicinity  of  Manila.  It  is  a 
fragmental  material  which  contains  pieces  of  scoria,  basaltic 
pebbles,  and  volcanic  ash  in  varying  and  nonuniform  proportions, 
and  it  is  easily  crushed.  When  mined,  it  is  so  soft  that  it  can 
be  quarried  with  an  ax,  but  it  hardens  rapidly  on  exposure  to 
the  air.  There  are  two  grades  of  this  water-laid  tuff:  (1) 
Coarse,  containing  numerous  fragments  of  pumice  and  andesite; 
and  (2)  very  fine,  containing  grains  of  pumice,  feldspar,  horn- 
blende, and,  at  times,  a  little  quartz.  Our  tests  include  Mey- 
cauayan,  the  best,  and  Guadalupe,  the  ordinary,  volcanic  tuff. 
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Table  VII. — Volcanic  tuff  and  its  efficiency  as  a  aand-linie-brick  materioL 


Mix- 
ture 
No. 

Volcanic 
tuff  used. 

Decree  of  pulverization  in  per  cent  pase- 
insr  throufirh  the  specified  sieves. 

No.  20.    No.  40.     No.  80.     No.  100.    No.  200. 

Dura- 
tion of 
steam 
pres- 
sure. 

Moldins: 
pressure 

per 

square 

inch. 

Compressive 
strenirth. 

Per 
Total.       square 
inch. 

' 

Hours. 

l\iund». 

Pounda. 

Pounds. 

16 

Guadalupe 

100.0 

85.0 

700 

50.0 

28.5 

5.5 

2,  .300 

9,000 

2.250 

16 

do 

100.0 

85.0 

70.0 

50.0 

28.5 

5.5 

4.600 

10.300 

2.575 

17 

do 

91.3 

71.1 

44.4 

38.0 

25.5 

8.0 

7.640 

10, 480 

2, 620 

17 

do... 

91.3 

71.1 

44.4 

38.0 

25.5 

8.0 

10,000 

13.640 

3.410 

IH 

Meycauayan 

68.5 

44.9 

28.4 

23.5 

13.0 

8.0 

7.640 

12, 440 

3,110 

18 

-       -do  

68.5 

44.9 

28.4 

23.5 

13. 0 

8.0 

10.000 

12.960 

3.240 

19 

..       do 

70.5 

48.3 

31.2 

26.0 

17.8 

8.0 

7,640 

18. 140 

4.535 

19 

-       -do 

70.5 

48.3 

31.2 

26.0 

17.8 

8.0 

10, 000 

20. 140 

5. 035 

20 

do        . 

83.3 

61.2 

38.2 

32.5 

20.2 

8.0 

7.640 

20. 720 

5.180 

20 

.      do      . 

83.3 

61.2 

38.2 

32. 5 

20.2 

8.0 

lO.O(K) 

22.080 

5.520 

21 

Guadalupe. 

KK).  0 

82.6 

62.8 

55.0 

41.0 

8.0 

7,  640 

14.920 

3. 730 

21  ' 

1 

do 

1(H).0 

82.6 

62.8 

55. 0 

41.0 

8.0 

10. 000 

18. 280 

4.570 

Mix 

N 

MoldinR  pres- 
ture  .    sure  in  pounds 
o.               per  square 
inch. 

Air 

Der 
dry. 

>sity. 

Dried  at  110  . 

AbHorpt 
Air 

ion  after 
d  ry . 

24  hours  in  water. 
Dried  at  110  . 

20 

7,640 

1.87 

1.75 

6.0 

13.4 

20 

10.000 

1.89 

1.77 

5.9 

13.0 



- 

_- 

_  .       

A  good  polish  could  not  be  obtained,  and,  otherwise,  the  natural 
color  was  a  rather  unpleasing,  dull,  light  brown. 

A  high  content  of  soluble  silica,  such  as  is  characteristic  of 
these  volcanic  tuffs,  favors  the  development  of  great  strength. 
On  the  other  hand,  most  of  the  individual  grains  are  soft,  and 
soft  grains  are  detrimental  to  the  strength.  For  best  results 
the  volcanic  tuff  should  be  mixed  with  hard-grained  sands  or 
crushed  rock,  and  for  this  purpose  it  is  especially  adapted  both 
on  account  of  the  high  content  of  soluble  silica  and  the  ease  with 
which  it  can  be  obtained,  pulverized,  and  molded  for  a  maximum 
strength. 


Table  VIII. — Sand-lime  brick  made  with  a  mixture  of  1  part  of  pulverized 
Guadalupe  stone  and  3  of  natural  Pasig  sand. 


Deprree  of  fineness  in  per  cent  throusrh  the  apeci- 


I  Mixture 
t     No. 


99.0 
99.0 


fied  sieves 


Duration    Molding 
of  steam  :P^««"^« 


No.  20.       No.  40.    i    No.  80.       No.  100.      No.  200. 


i 


treat- 
ment.    I 

t 


per 

square 

inch. 


79.0 
79.0 


32.5  j 
32.5  I 


26.0 
26.0 


16.5 
16.5 


Hours. 
8.0 
8.0 


Pounds. 
7,640 
10.000 


Compressive 
strength. 


Total. 


Per 
square 
inch. 


Pounds,  j  Pounds. 
13,200  I      3.300    I 
18,600  ;      3,400    I 
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The  advisability  of  using  volcanic  tuff  or  beach  sand  in  con- 
junction with  other  available  siliceous  materials  rather  than 
alone  is  further  substantiated  by  the  fact  that  the  sand-lime 
bricks  made  from  either  alone  possess  the  least  density  and 
absorb  the  most  water. 

Quarry  debris  is  also  available.  The  amount  of  rock  and 
crushed  stone  used  in  Manila  for  breakwaters,  macadam  roads, 
and  concrete  is  considerable,  and  at  present  4  quarry  sites  are 
operated  to  meet  the  demand;  namely,  (1)  the  Rizal,  (2)  the 
Manila  city  quarries  at  Talim  Island,  (3)  Carabao  Island  quarry 
in  the  south  channel  entrance  of  Manila  Bay,  and  (4)  the  Sisi- 
man  quarry  near  Mariveles. 

Crusher-run  Sisiman  stone  contains  a  large  amount  of  rock 
flour  and  sand  which  is  not  suitable  for  road  surfacing  on  account 
of  its  poor  cementive  value.  At  present  this  quarry  debris  is 
a  waste  product.  Sisiman  rock  is  a  gray  andesite,  while  the 
stone  in  the  other  quarries  is  basalt.  Neither  contains  free 
silica,  but  both  are  high  in  soluble  silica.  Owing  to  this  high 
content  of  soluble  silica  and  the  hardness  of  the  individual  grains, 
sand-lime  brick  of  the  best  quality  can  be  manufactured  from 
them.  Both  materials  are  especially  suited  for  the  manufacture 
of  tiles  and  ornamental  stonework. 

Table  IX. — Sand-lime  brick  made  from  Sisiman-rock  quarry  debris. 


Decree  of  pulverization  in  per  cent  pasHinK  CompreBslve 

throujjrh  the  standard  8pecifie<i  sieves.  Duration    ^**'^'"K  strentcth. 

Mixture  of  steam    P»"e«f"»"« 


No. 


No.  20.       No.  40.        No.  80.       No.  KH).     N<..  2rH). 


treat- 
ment. 


per 
stiuarc 
inch.  Total. 


I»er 
Hquare 
inch. 


22 
22 


73.4 
73.4 


4H.2 
48.2 


29.4 
2i«.4 


25. 3 
25. 3 


16.5 
16.5 


Hourn.    i  I'outuiM.     Pounds.  >  Poundn. 


8.0  7,640         10,960 

8.0     i     lO.OOfJ  16.120 


2. 740 
4.030 


Molding  pres- 
Mixture      sure  in  pounds 
No.  per  square 

inch. 


23 


Density.  'Absorption  after  24  hours  in  water. 

Air  dry.  Dried  at  110^'.  Air  dry.  Dried  at  110'.     I 

2.22  2.15  4.4  7.5    i 
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Table  X. — Sand-lime  brick  made  from  basalt-rock  quarry  debris. 

Deprree  of  pulverizatiort  in  per  cent  pasHinpr  m  i  i-  CompreBsive 

I                 I            through  the  standard  specified  sieves.  Duration    ™^'"'"t'^  strength. 

Mixture'                                                                          ,  of  steam    P»*^«» ^^e 

I     No.     i                   :  treat-     I    J'.fJ,^  Per 

■  No.    20.  I  No.    40.      No.    HO.      No.  100.      No.  2(K).        ment.     ,      j,".^  Tot.il.         square 

I                 '  I              '  .inch. 


23 
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Molding  pres- 
Mixture      sure  in  pounds 
No.  per  square 

inch. 


/fours.       /'outtfis.     f'iniuJs.     Pounds. 
25.  H  22.9  17.0  H.O  7.640  12.  OHO  3,020 

25.  H  22.9  17.0  H.O  10.  (HM)  15,2HO  M,  H2n 

Density.  Absorption  after 21  hours  in  water. 

Air  dry.  Drie<l  at  110".  Air  dry.  Drie<i  at  110' . 

2.34  2.2H  3.H  6.1 


Transportation  from  the  Talim  Island  quarry,  which  is  near 
Binangonan,  involves  only  water  transportation  and  costs  under 
fairly  economic  administration  about  1.15  pesos  per  cubic  meter. 
At  the  present  time  the  price  of  crushed  stone  from  Talim  is  from 
2.70  to  2.90  pesos  per  cubic  meter  at  the  Manila  water  front. 
Sisiman  is  directly  across  the  bay,  and,  although  about  55  kilo- 
meters from  Manila,  the  cost  of  transportation  should  not  be 
prohibitive  as  it  would  be  entirely  over  deep  water.  At  present, 
crushed  stone  from  Sisiman  costs  3.50  pesos  at  the  Manila  water 
front,  but  as  the  quarry  debris  is  a  waste  product  it  should  cost 
much  less.  These  costs  are  so  much  higher  than  Pasig  sand, 
which  can  be  purchased  for  97  centavos,  or  less,  and  the  cheaper 
beach  sand,  that  the  manufacturer  probably  would  care  to  use 
the  crushed  rock  only  for  special  purposes  such  as  tiles  and 
marble,  for  which  it  is  especially  adapted.  However,  the  cost 
of  production  can  be  retained  at  a  normal  figure  by  mixing  the 
quarry  debris  with  beach  sand  or  crushed  volcanic  tuff.  The 
latter  can  be  quarried  at  Guadalupe  and  transported  to  the  Pasig 
River  for  about  43  centavos  per  cubic  meter. 

PLANT  SITE  IN  MANILA 

We  believe  that  an  economic  scheme  for  utilizing  the  materials 
in  the  vicinity  of  Manila  would  be  to  locate  a  sand-lime-brick 
plant  on  the  bank  of  the  Pasig  River  adjacent  to  the  volcanic 
tuff  and  bring  limestone  from  Binangonan.  This  plan  would 
avoid  a  long  haul  to  the  factory  of  supplies  such  as  fuel,  ma- 
chinery, and  operating  necessities,  and  put  the  finished  product  in 
close  communication  with  the  railroads,  and,  by  short  water 
route,  with  the  ships  in  the  harbor,  while  close  at  hand  would  be 
the  volcanic  tuff  and  the  sands  from  Pasig,  Mariquina,  Pasay, 
and  Manila  Bay. 
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OTHER  PLANT  SITES 

Although  at  present  Manila  appears  to  be  the  most  suitable 
place  for  a  sand-lime-brick  plant,  other  localities  should  be  given 
thorough  consideration.  It  is  possible  that  the  Visayan  Islands 
and  Mindanao  will  develop  more  rapidly  than  the  rest  of  the 
Philippines,  and  the  growing  importance  of  Cebu,  Iloilo,  Zam- 
boanga,  and  Jolo  as  ports  may  eventually  make  a  central  location 
more  desirable  than  Manila. 

FINANCIAL  CONSIDERATIONS 

In  Germany  the  average  cost  of  manufacturing  common  sand- 
lime  brick  is  approximately  6  pesos  (3  dollars  United  States 
currency)  per  thousand,*  and  in  America  the  average  cost  is 
about  8  pesos  for  common  and  9  pesos  for  face  brick. 

The  cost  of  production  can  be  maintained  at  a  comparatively 
low  figure  in  spite  of  rather  unfavorable  conditions.  For  esti- 
mates of  costs  and  a  detailed  discussion,  the  reader  is  referred  to 
a  previous  article  by  the  present  writers." 

SUMMARY 

1.  In  the  Philippines  conditions  are  very  favorable  for  the 
manufacture  of  brick  and  artificial  stone  from  sand  and  lime 
if  the  enterprise  is  carefully  and  conservatively  managed.  The 
selection  of  a  factory  site,  raw  materials,  process  of  manufacture, 
and  machinery  should  receive  unusual  care. 

2.  The  best  location  for  the  first  plant  is  probably  in  the  vi- 
cinity of  Manila.  Tests  and  information  concerning  the  available 
raw  materials  indicate  the  advantages  of  locating  a  sand-lime- 
brick  plant  near  the  Pasig  River  at  Guadalupe. 

3.  The  cost  of  manufacturing  and  selling  20,000  9-inch  bricks 
of  the  best  quality  is  estimated  not  to  exceed  13  pesos  (6.50 
dollars  United  States  currency)  per  thousand.  Compared  with 
other  Philippine  building  materials  of  equal  value  this  is  very 
reasonable,  and  the  profit  of  a  plant  could  be  increased  by  ex- 
tending its  operations  to  include  the  manufacture  of  lime,  hol- 
low building  blocks,  tiles,  slabs,  marbles,  ornamental  stones,  etc. 

•  Consul-General  Skinner,  U.  S.  Daily  Consular  and  Trade  Reports, 
Bureau  of  Manufactures  (1911),  No.  9. 

•  Cox,  Reibling,  and  Reyes,  Phil  Journ,  Set.,  Sec.  A,  (1912),  7,  317-353. 


CONTRIBUTION  TO  THE  METALLOGENY  OF  THE 
PHILIPPINE  ISLANDS ' 

By  Paul  R.  Fanning 

DISTRIBUTION  OF  ORE  DEPOSITS 

The  Philippine  Islands  represent  part  of  a  great  ore  belt  which 
encircles  the  Pacific  Ocean.  This  belt  can  be  traced  on  the 
Asiatic  side  through  the  Malayan  Archipelago,  the  Philippines, 
Formosa,  and  Japan.  On  the  American  side,  the  belt  continues 
from  Alaska  through  the  western  United  States,  Mexico,  and 
South  America.  Everywhere,  this  ore  belt  follows  lines  of  tec- 
tonic igneous  activity. 

The  Philippine  ore  deposits  are  certainly  Tertiary  in  age, 
probably  Miocene.  Not  only  on  the  basis  of  age,  but  of  struc- 
ture, mineralization,  and  associated  rocks  can  this  Archipelago 
be  classed  with  some  of  the  world's  great  mineral  regions  such  as 
those  found  in  Nevada,  Idaho,  Colorado,  Mexico,  Chile,  and  Peru. 

Metallic  ore  deposits  are  dependent  upon  igneous  activity  for 
their  origin,  and  as  such  activity  has  taken  place  in  nearly  all 
of  the  Philippine  Islands  we  would  expect  a  wide  distribution 
of  the  metals.  Such  is  the  case,  for  quartz  veins — bearing  gold, 
copper,  etc. — have  been  found  in  nearly  every  island  of  any  size. 
The  greater  mineralized  districts,  such  as  Paracale,  Masbate, 
Benguet,  and  Mancayan-Suyoc,  center  in  and  around  areas 
apparently  of  maximum  igneous  activity.  These  areas  are 
characterized  by  intrusive  masses  of  volcanic  rock. 

Lindgren '  has  pointed  out  for  the  western  United  States  the 
fact  that  ''where  the  rocks  lie  horizontal  and  no  disturbance  has 
taken  place  ore  deposits  are  rare,  poor,  or  absent.'*  In  agree- 
ment with  this,  the  distribution  of  ores  in  the  Philippines  shows 
a  total  absence  throughout  the  undisturbed  sedimentary  and  tuflf 
areas.  Lavas  show  no  secondary  metallic  mineralization,  except, 
as  is  true  for  the  sedimentaries,  tuffs,  and  agglomerates  as  well, 
in  proximity  to  intrusives. 

Ore  belts. — A  group  of  ore  belts  can  be  defined,  extending 
through  the  Central  Cordillera  of  northern  Luzon,  southward 
along  Luzon,  Marinduque,  Masbate,  Samar,  Leyte,  and  the  east- 
ern half  of  Mindanao.  This  group  may  be  divided  into  sub- 
sidiary belts  which  follow  in  trend  and  persistence  the  main 
Cordilleras. 

*  The  discussion  in  more  detail  will  appear  in  The  Philippine  Journal  of 
Science. 

'  The  mining  districts  of  the  Western  United  States.     Bull.  IL  S,  GeoL 
Surv,  (1912).  No.  507,  7. 
72 


78 

These  ore  belts,  like  the  tectonic  lines  **in  general  run  north 
and  south,  but  minor  departures  from  this  direction  are  to  be 
seen  in  the  lines  running  through  the  Islands  of  Palawan  and 
Mindoro  and  those  in  the  Sulu  group,  the  Zamboanga  Peninsula, 
and  Cebu/*  ^ 

It  is  important  to  note  that  this  list  of  tectonic  lines  departing 
from  the  general  trend  by  their  northeast  direction  comprise  the 
regions  where  the  best  gold  is  known.  The  major  northwest  or 
northern  lines  mark  the  gold  belts  rather  than  the  minor  north- 
east lines.  In  Aroroy,  Masbate,  where  the  two  lines  meet,  valu- 
able veins  are  found,  the  most  important  of  which  are  parallel 
to  the  major  northwest  tectonic  line.  In  general,  there  appears 
to  be  a  relation  between  the  greater  tectonic  features  and  the 
maximum  ore  deposition. 

ORE  DEPOSITS  AND  IGNEOUS  ACTIVITY 

For  gold-mining  districts  in  other  parts  of  the  world  it  has 
been  shown  clearly  that  the  ore  deposits  are  genetically  related 
to  igneous  activity  and  this  relation  is  fully  demonstrated  for  the 
Philippines.*  In  all  cases,  the  ore  deposits  occur  in  and  around 
intrusive  masses,  and  form  the  ^'metallic  aureoles'*  so  charac- 
teristic of  mineral  districts. 

It  is  to  be  noted  that  great  areas  of  extrusives  occur  which  are 
devoid  of  deposits,  and  the  surface  nature  of  these  volcanic  flows 
logically  has  been  unfavorable  to  ore  formation.  However, 
where  lavas  have  been  intruded  by  a  later  magma,  as  in  certain 
portions  of  the  Aroroy  field,  deposits  in  extrusives  may  be  found. 
In  such  cases,  the  intruding  magma  has  given  the  necessary  con- 
ditions of  temperature  and  pressure  for  the  active  work  of  As- 
suring and  metallization. 

In  general,  the  ore  deposits  are  associated  with  intrusion  rather 
than  extrusion,  which  indicates  that  maximum  igneous  activity 
is  a  factor  in  the  formation  of  the  ores. 

The  general  magmatic  sequence  has  been  (1)  basal  andesites 
or  diorites,  (2)  intrusion  of  quartz  diorite  or  granite,  (3)  vein 
formation,  and  (4)  later  differentiations  such  as  andesites  and 
basalts.  Intrusion  has  preceded  and  extrusion  has  followed  the 
period  of  vein  formation. 

Rock  types. — The  type  of  intruding  magma  apparently  has  had 
an  influence  upon  the  formation  of  metalliferous  areas.     These 


•Smith,  W.  D.,  Phil.  Joum.  Set,,  Sec,  A   (1910),  5,  308. 

•Eveland,  A.  J.,  Bull,  P,  I.  Min,  Bur,  (1905),  No.  4,  53.  Smith,  W.  D., 
and  Eddingfield,  F.  T.,  Phil.  .Joum,  Sci.,  Sec.  A  (1911),  6,  429.  Eddingfield, 
F.  T.,ihid.     (1918),  8,  81. 
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areas  have  quartz  diorites,  andesites,  or  granites;  that  is,  acid 
or  intermediate  types  of  rocks.  This  association  is  general 
throughout  the  Americas,  in  Japan,  and  in  Formosa.  The  basic 
rocks  such  as  basalts  are  almost  universally  barren  of  great  gold 
deposits. 

TYPES  OF  ORE  DEPOSITS 

The  ore  deposits  belong  nearly  exclusively  to  the  vein  type. 
Contact-metamorphic  and  magmatic  segregation  deposits  are 
rare  or  absent. 

In  most  cases  the  veins  are  simple  in  structure,  though  brec- 
ciated  veins,  fracture  zones,  etc.  are  not  unknown.  Dissemina- 
tions of  pyrite  in  the  wall  rocks  usually  accompany  the  veins. 
Silicification  and  chloritization  due  to  hydrothermal  action  are 
frequent. 

VEIN  PHASES 

The  veins  may  be  divided  into  quartz  and  calcite  phases,  but 
every  transition  is  known  between  these  two  extremes.  In  all 
districts  the  number  of  quartz  veins  is  much  greater  than  calcite. 
Pegmatite  veins  are  rare  or  absent. 

The  quartz  phase. — The  quartz  phase  seems  to  represent  the 
earlier  period  of  vein  formation  during  which  the  pressure  and 
temperature  were  comparatively  high.'  It  is  believed  that  the 
mineral-bearing  waters  which  produced  the  veins  were  direct 
emanations  from  the  adjacent,  cooling,  intrusive  magma. 

The  quartz  phase  may  be  divided  into  the  gold-pyrite,  the 
copper-gold-pyrite,  and  the  lead-zinc-sulphide  types.  The  types 
are  believed  to  have  resulted  from  cooling  phases  of  the  adjacent 
magma.  There  is  some  evidence  to  believe  that  the  sequence 
has  been  (1)  gold-pyrite  veins,  (2)  copper-gold-pyrite  veins, 
(3)  lead-zinc-sulphide  veins,  (4)  quartz-calcite  veins,  and  (5) 
calcite  (some  quartz)  veins. 

In  general,  the  quartz  phase  shows  quartz  gangue  largely  pre- 
dominating over  the  sulphides,  but  in  certain  copper-gold  types 
(Mancayan-Suyoc  copper  mines)  and  lead-zinc  types  (Marin- 
duque  etc.)  the  sulphides  may  predominate  over  the  gangue. 
The  gold  occurs  in  three  general  phases:  (1)  Gold-bearing  py- 
rite, chalcopyrite  (or  other  copper  sulphides),  or  galena;  (2) 
primary  free  gold;  (3)  secondary  free  gold  often  associated  with 
sulphides. 

"  There  are  not  yet  enough  data  to  prove  this.  There  is  evidence,  however, 
that  there  has  been  more  than  one  period  of  ore  deposition,  so  that  what 
appears  to  be  due  to  change  of  temperature  or  pressure  or  change  of 
solution  in  a  single  period  might  in  reality  be  due  to  the  succession  of 
diflferent  periods  considerably  separated  in  time. — W.  D.  Smith. 
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A  distinct  quartz  phase  appears  to  be  shown  by  the  occurrence 
of  magnetite,  hematite,  pyrite,  and  chalcopyrite  in  some  quartz 
veins  of  the  Angat  iron  region.  These  veins  possibly  have 
formed  under  contact  metamorphic  condition  of  great  heat  and 
pressure. 

The  calcite  phase. — One  of  the  most  interesting  features  of 
Philippine  ore  deposits  is  the  occurrence  of  calcite  veins  in  prox- 
imity to  quartz  veins.  Unlike  quartz,  the  data  regarding  calcite 
show  no  evidence  that  the  calcite  is  a  differentiation  from  a 
magma.  We  infer  that  the  calcium  has  been  leached  from  the 
cooling  igneous  rock  by  magmatic  carbonic  waters,  and  the  oc- 
currence of  calcite  veins  is  a  last  phase  of  the  lowering  tem- 
perature and  pressure  of  the  magma  and  surrounding  rocks. 

The  field  relation  of  calcite  veins  shows  them  generally  to  be 
later  than  the  true  quartz  veins.  This  would  be  expected  in 
consideration  of  such  facts  as  the  knowledge  that  calcite  is  one 
of  the  last  minerals  to  crystallize  from  aqueous  solutions.  Cal- 
cite veins  should  characterize  surface  condition  (little  tem- 
perature and  pressure),  while  the  massive  quartz  veins  should 
characterize  the  deeper  zones  of  greater  temperature  and  pressure. 
With  a  cooling  magma,  the  focus  of  heat  would  recede  down- 
ward, producing  a  downward  progression  of  surface  conditions. 
This  would  result  in  the  formation  of  calcite  veins  in  proximity 
to  the  quartz  veins  which  formed  during  the  earlier  period  of 
deeper  seated  conditions. 

Fissuring. — The  direction  of  Assuring  in  practically  all  dis- 
tricts is  either  parallel  to  the  tectonic  line  passing  through  the 
region  or  is  related  to  the  intrusive  mass  of  the  immediate  area. 
Thus,  in  Masbate,  the  major  veins  are  parallel  to  the  northwest 
tectonic  line,  while  the  minor  set  of  veins  are  parallel  to  the 
southeast  tectonic  line.  In  Benguet  the  veins  appear  to  be  either 
parallel  or  radial  to  the  intrusive  mass,  indicating  a  relation  due 
to  cooling.  In  addition,  this  area  is  near  the  so-called  "central 
knot''  of  Luzon  where  the  tectonic  features  are  complex.  This 
naturally  should  produce  diverse  direction  of  fissuring. 

The  structural  and  mineral  characteristics  of  most  Philippine 
veins  indicate  fissuring  and  vein  formation  under  conditions  of 
moderate  depths.  This  is  borne  out  by  the  type  of  rocks  in 
which  the  veins  are  found.  The  calcite  veins  indicate  rupture 
under  considerable  load,  but  mineralization  under  comparatively 
low  temperatures.  Some  quartz  veins  show  repeated  reopening, 
indicating  the  continuance  of  strain.  The  chalcedonic  nature 
of  this  later  filling  indicates  deposition  under  lower  conditions 
of  temperature. 
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SOME  MINERAL  ASSOCIATIONS 

Sulphides  are  associated  with  quartz  veins  rather  than  calcite, 
while  manganese  generally  is  associated  with  the  calcite  veins. 
Gold  is  found  in  both  types  of  veins. 

As  is  generally  true,  some  silver  is  alloyed  with  the  gold.  Bul- 
lion analyses  show  the  preponderance  by  weight  of  gold  over 
silver,  thus  bringing  the  veins  into  the  gold-silver  class  very 
widely  developed  in  the  western  United  States.  The  bullion 
shows  variations  in  fineness;  that  from  Paracale,  for  instance, 
contains  about  85.39  per  cent  gold  with  13.36  per  cent  silver. 
Some  copper  and  other  metals  are  present.  The  occurrence  of 
the  gold  has  been  mentioned  under  **the  quartz  phase.*'  In  ad- 
dition, it  is  to  be  noted  that  gold  rarely  is  associated  with  sphal- 
erite. The  gold  has  been  precipitated  almost  from  first  to  last 
during  the  period  of  vein  filling.  The  auriferous  pyrite  fre- 
quently is  one  of  the  early  minerals  to  form,  while  some  of  the 
richest  free  gold  specimens  show  the  gold  to  have  been  nearly  the 
last  mineral  to  form  (Plate  VII). 

Silver  is  associated  particularly  with  galena.  Some  galena 
ore  has  shown  assays  up  to  1,500  grams  silver  and  30  grams  gold 
per  metric  ton.  However,  the  galena  in  many  veins  contains 
little  silver.  Bonanzas,  secondary  silver  ores,  are  conspicuously 
rare  or  absent  in  the  Philippines.  The  primary  ores  are  low  in 
silver  content,  and  the  tropical  conditions  of  excessive  rainfall 
and  rapid  erosion  are  unfavorable  to  the  secondary  enrichment 
of  silver.  The  association  of  secondary  silver  deposits  with 
desert  regions  is  well  known. 

Tests  on  300  samples  of  typical  Philippine  ores  show  tellurides 
to  be  either  absent  or  very  rare.  Deposits  of  the  Cripple  Creek 
type  are  unknown.  Likewise,  fluorites  and  bismuth  ore  which 
frequently  accompany  telluride  ores  are  unknown.  Phonolite 
rocks  are  unknown. 

Arsenic  and  antimony  ores  are  rare  except  in  the  enargite 
(luzonite)  veins  of  Mancayan-Suyoc. 

Mercury  has  been  found  as  would  be  expected  from  its  occur- 
rence elsewhere  in  the  ore  belt  encircling  the  Pacific  Ocean.  Like- 
wise, some  platinum  has  been  found  in  some  of  the  alluvials. 
Chromite  has  been  identified  recently. 

Tin  is  unknown,  and  granite — with  which  tin  very  frequently 
is  associated — is  of  secondary  importance.  Pegmatite  dikes 
may  be  said  to  be  unknown,  although  veins  approaching  peg- 
matite in  appearance  have  been  seen.  The  group  of  minerals 
associated  with  tin,  such  as  the  flourine  minerals,  have  not  yet 
been  identified. 
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PLATE  VII.   FREE  GOLD  FROM  TUMBAGA.  AMBOS  CAMARINES. 
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cover,   141  pages,   paper,  $0.80,  postpaid. 


KTIIXOLOGY— Continued 

STUDIES    IN    MORO    HISTOEY,    LAW, 
AND  RELIGION 

By   Najekb  M.   Salceby 

Order    No.    405.  Paper.    107    pages.    16 

plates.   5    diagrams,    $0.25;    half   mo- 
rocco. $0.75;   postpaid. 

This  volume  deals  with  the  earliest 
written  records  of  the  Moros  in  Mindanao. 
The  names  of  the  rulers  of  Magindanao  are 
recorded    in   five  folding  diagrams. 


NEGRITOS   OF  ZAMBALES 

Hy   William    .\lla.n    Ref.d 

Order     No.     402.  Paper,     83     pages,     62 

plates,    $0.25;    half    morocco,    $0.75; 
postpaid. 

Plates  from  photographs,  many  of  which 
were  taken  for  this  publication,  show  orna- 
ments, houses,  men  making  ftr©  with  bamboo, 
bows  and  arrows,  dances,  and  various  types 
of  the  people  themselves. 


lNDUSTUIi:s 

PHILIPPINE  HATS 

Dy  C.  B.  RoniNaoN 

Order     No.     413.  Paper,     66     pages.     8 

plates,  $0.50  postpaid. 

This  paper  Is  a  concise  record  of  the 
history  and  present  condition  of  hat  making 
in   the   Philippine    Islands. 


THE  SUBANUNS  OF  SINDANGAN  BAT 

By  Emerson  B.  Christie 

Order    No.    410.  Paper,    121    pages,    1 

map,  29  plates,  $1.25,  postpaid. 

Sindangan  Bay  is  situated  on  the  north- 
ern ooast  of  Zamboanga  Peninsula.  The  Su< 
banuns  of  this  region  were  studied  by  Mr. 
Christie  during  two  periods  of  five  and  six 
weeks,   respectivaly. 

The  29  plates  Illustrate  the  Subanuns  at 
work  and  at  play;  their  industries,  houses, 
altars,  and  implements;  and  the  people 
thamseives. 


THE    SUGAR    INDUSTRY    IN    THE 
ISLAND  OF  NEOROS 

By  Herbert  S.  Walker 

Order    No.    412.  Paper.    145    pages.    10 

plates,   1   map,  $1.25,   postpaid. 

Considered  from  the  viewpoint  of  prao- 
ticai  utility.  Mr.  Walker's  Sugar  Industry 
in  the  Island  of  Negros  is  one  of  the  most 
important  papers  published  by  the  Bureau 
of  Science.  This  volume  is  a  real  contribu- 
tion to  the  subject:  it  is  not  a  mere  com- 
pilation, for  the  author  was  in  the  field  and 
understands  the  conditions  of  which  he 
writes. 


THE  HISTORY  OF  SULU 

By  Najseb  M.  Saleeby 

Order  No.  406.  Paper,  275  pages,  4 
maps,  2  diagramt,  $0.75,  postpaid. 
In  the  preparation  of  his  manutoript  for 
Tha  History  of  Sulu,  Dootor  Saleeby  spent 
muoh  time  and  effort  in  gaining  access 
to  <toounr)«nts  in  the  possession  of  tha  Sultan 
of  Sulu.  This  book  is  a  history  of  tha 
Moros  In  tha  Philippines  from  tha  Mirilast 
times  to  tht  Amarlcan  oooupation. 


A   MANUAL    OF   PHILIPPINE    SILK 
CULTURE 

By  Charlss  S.  Banks 

Order    No.    413.         Paper.    53    pages,    20 
plates,  $0.75,  postpaid. 

In  A  Manual  of  Philippine  Silk  Culture 
are  presented  the  results  of  several  years* 
actual  work  with  siik-produolng  larva  to- 
gether with  a  description  of  the  new  Philip- 
pine race. 


PUBLICATIONS  FOR  SALE  BY  THE  BUREAU  OF  SCIENOE, 
MANILA,  PHILIPPmE  ISLANDS— ConUnued 


noTANV 

A  TLORA  or  XAKILA 

By    KL>»rn    I).    MrJWUi. 

Ortfor    tin.    419.     Ptpor.    A^iJ    pages,    $2^0. 

Practically  a  complett  fora  of  IHa  cul- 
tivatod  areas  In  tht  PhliipDin««.  DetcHo- 
tioni.  wtth  heyt.  of  over  1.000  iP^cies.  590 
cef^eri.  and  12>6  familtei.  t«»ith  r^atlve  narr^tt. 
Cioisary  of  technical  termt.  etc. 


/,OOIX)OY  -CoiUliiuiul 
A   MANUAL  OF  PRiLIPPIKfi  BI&BS 

Hy   KiciiAiit>  C.   MiOaruon 

Order     No.     103.  Paper.    2    ptrti,    769 

Paget.  $4.  postpaiU. 

A  Manual  of  Phltlppint  BIrdt  oontaiM 
in  comtaot  form  deecrtplioni  of  all  th« 
known  ipeoiee  of  Philippine  birdt.  Tht 
utual  keyt  and  diaonoeei  of  ordert.  famiUat. 
and  genera  help  the  novioa  In  idtntlfloation. 


THE    COCOKTTT    PALM    IK   THE    PHXlr- 

IPPINE  I8LAKD8 

Order  No.  37.  Pacer.  149  page*.  30  platef. 
$1.  postpaid. 
Th««  rfprint  cortaine  the  fo'low-no  arti- 
clet:  On  the  Water  Relatione  of  the  Coconut 
Palm  (Cocot  nuCiferu).  Th«  Coconut  and  iti 
relation  to  Coconut  Oil,  The  Keeping  Quall- 
t.se  of  Coconut  OtI  and  the  Causes  of  its 
Rancidity,  and  The  Principal  Insects  Attaok- 
mg    the   Coconut   Palm. 


A    CHECKLIST    OF    PHILIPPIiri 
ri8H£8 

By  David  Starm  JoaitAs  And  Kobkkt  Kaju. 

HkMlAKu.tuN 


Paper,  78  P«0«*i  $0<75, 


Order  No.    102. 

postpaid. 

This  list  will  be  found  a  oonvenlant  0ulda 
to  the  synonymy  of  Philippine  iehthyology. 
The  nomenolatura  Is  thoroughly  revised,  and 
the  distribution  of  each  speuift  within  tha 
Philippine  islands  Is  given. 


INBOMALAYAN  WOODS 

Hy    FRkiD    W.    FuxwoKTiiY 

Order     No.     411.  Paoer.     182     pages.     9 

p  ates.   $0.50.   postpaid. 

In  Indo-Malayan  Woods,  Doctor  Fox- 
worthy  hdf  brought  together  a  large  amount 
of  dccurate  information  concerning  trees 
yielJing   woods  of  economic  value. 


7AH)lAHiY 

A    LIST    OF    THE    MAMMALS    OF    THE 

PHILIPPINE    ISLANDS.    EXCLU- 

SIVE   OF  THE   CETACEA 

By  Ned  Hollihter 

Order   No.    418.  Paper.   64    pages.    $0.50, 

postpaid. 

This  is  the  only  recent  attempt  to  enu- 
merate the  mammals  of  the  Philippine 
Islands.  The  distribution  cf  each  species 
la  given,  and  the  original  descriptions  are 
cited. 


Mf:i>irijnE 

KEPOET  OF  THE  INTEBNATI03IAL 
PLAQUE  OONFEEENOE 

Hria    at    .Mukdrn.    April.    IDll.    under   ih« 
auiipic«tf   "f   thv   CliinefiQ   (iovernmant. 

I.Miira    by    EwcM    MAartNi,    C.    F.    Pctmv, 

.\tmn  K    Stanlky.    and    RictfARO    P. 

Strono 

483    pages,    18    Platet    (2    colored.    4    half- 
tones,  12  charts  and   ntaps) 

Order     No.     416.  Paper,     $2.30:     oloih. 

$3.50;  postpaid. 

The  proceedings  of  this  International  Corv 
farenoa  and  Information  gainad  therefrom,  to- 
gether with  the  results  of  certain  baotO" 
riologlcal  investigations,  constitute  the  pres- 
ent report. 

The  Bureau  of  Science  of  the  Qovern- 
ment  of  the  Philippine  Islands  has  been 
appointed  sole  agent  for  the  distribution 
of  the  printed  proceedings  of  the  Interna* 
tlonat  Plague  Conference. 
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